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Hutner et al (1949) reported that Euglena gracilis var. bacillaris ex- 
hibits a quantitative growth response to crystalline antipernicious anemia 
factor (vitamin B,,.). 

This discovery makes it possible to use Euglena as a means of bioassay 
for this factor. The following presents some results on vitamin By,» as de- 
termined from the growth of Euglena gracilis. 

Materials. The culture of Euglena gracilis var. bacillaris employed was 
kindly supplied by Dr. 8. H. Hutner. 

Three media were used. The composition of Medium I and Medium IT 
we owe to the courtesy of Dr. Hutner and Dr. T. H. Jukes. Medium I 
(acid) and II (neutral) were used for the cultivation of Euglena. Medium 
III was devised for the detection of organisms which synthesize By». 

Medium I, in addition to mineral salts, contained thiamine, glutamic acid 
and malice acid. Its pH was adjusted to 3.0. It was prepared by mixing 
suitable amounts of three stock solutions. 


MediumI Stock Solution A (10 ml. used per 1.) 
FeSO, - 7H,O 1500.0 mg. 
MnSO, - H,O 465.0 mg. 
CuSO, - 5H,O 40.0 mg. 
Distilled water to 500.0 ml. 


MediumI Stock Solution B (400 ml. used per 1.) 
KH,PO, 10.0 g. 
Ca (NO,),*4H,O 5.94 g. 
MgSO, - 7H,O 6.0 g. 
1-glutamie acid 80.0 g. 
dl-malie acid 80.0 g. 
Thiamine 40.0 mg. 
Distilled water to 8000 = mi. 


MediumI Stock Solution C (2 ml. used per 1.) 
CoCl, - 6H,O 161.0 mg. 
(NH,), Mo,0,, * 4H,O 73.6 mg. 
ZnSO, -7H,O 87.9 mg. 
NH,VO, 4.4 mg. 
Distilled water to 100.0 ml. 


In addition to mineral salts, Medium II contained thiamine, dl-alanine, 
citric acid, butyric acid and glutamic acid. It was prepared from two stock 
solutions as follows: 





1 The investigation was supported by the Lucy Benjamin Rogers Fund and the 
Howard Bayne Research Fund of the New York Botanical Garden. 
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Medium II Stock Solution A (100 ml. used per 1.) 


KH,.PO, 10.0 g. 
K, citrate - H,O 5.0 g. 
MgSO, - 7H,O 3.0 g. 
NaH glutamate 20.0 g. 
Na butyrate 20.0 g. 
Ca (NO,),*4H,O 1.725 g 
dl-alanine 10.0 g. 
KNO, 10.0 g. 
Thiamine 20.0 mg. 
Distilled water to 1000.0 ml. 
Adjusted to pH 7.0 with NaOH 

Medium II Stock Solution B (10 ml. used per 1.) 
Fe (NH,), (SO,).* 6H,O 3.510 g. 
MnSO, - 4H,O 2.025 g. 
Co (NO,),: 6H,O 0.493 g. 
Acid molybdie 85% 0.090 g. 
CuSO, -5H,.O 0.196 g. 
ZnSO,-7H,O 0.044 g 
Distilled water to 1000.0 ml. 


In addition to mineral salts Medium III contained a vitamin mixture, 
dextrose and vitamin-free casein hydrolysate. The casein hydrolysate was 
neutralized by adding an excess of CaCO, and filtering before use. Medium 
[Il was prepared as follows: 


MgSO, - 7H.O 0.5 g. 
K,HPO, or KH,PO, 1.5 g. 
Dextrose 10.0 g. 
Casein hydrolysate 3.0 g. 
CoCl, 5.0 mg. 
Mineral supplements 0.5 ml. 
Vitamin mixture 1.0 ml. 
Distilled water to 1000.0 ml. 


Vitamin Mixture (1 ml. used per 1.) 


Thiamine 33.5 mg. 
Riboflavin 37.5 mg. 
Pyridoxine 20.5 mg. 
Nicotinic acid 12.5 mg. 
Ca pantothenate 7.5 mg. 
p-aminobenzoie acid 13.5 mg. 
Inositol 12.5 g. 
Biotin 0.05 mg. 
Distilled water 1000.0 ml. 
Mineral Supplements (0.5 ml. used per1.) 
H,BO, 5.7 mg. 
CuSO, -5H.O 15.7 mg. 
Fe(NH,).SO, - 6H,0 140.4 mg. 
Ga,(SO,),- 18H,O 10.8 mg. 
MnSO, - 4H.O 8.1 mg. 
Acid molybdie 85% 3.6 mg. 
ZnSO, - 7H,O 79.0 mg. 
Distilled water 100.0 ml. 


Medium III was used at pH 7.0 and at pH 5.0. The potassium phos- 
phate was added after autoclaving. The preservative described by Hutner 
and Bjerknes (1948) was used in all stock solutions. 
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Methods. Vitamin B,. was estimated quantitatively by growing Euglena 
in a liquid medium and measuring growth by optical density. It was de- 
termined also by measuring the zone of stimulation induced by filter paper 
dises (FPD) (impregnated with B,» or liquid suspected of containing B,,.) 
on an agar medium seeded with Euglena. 

Quantitative by optical density. One ml. of the unknown at a series of 
dilutions was added to 1 ml. of inoculated culture medium at 2x normal 
strength in 20 by 150 mm. test tubes plugged with cotton or in 20 by 125 mm. 
screwtop tubes, preferably the latter. Medium I was more satisfactory than 
Medium II or III and was used for quantitative determinations. The double 
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Fic. 1. Huglena grown 7 days in Medium I. Curve A, Medium I autoclaved before 
adding vitamin B,,.. Curve B, Medium I pasteurized by boiling before adding B,. Note 
deleterious effect of autoclaving. Optical density in Klett-Summerson units. 


strength culture medium contained 1 ml. of a standard culture of Euglena per 
50 ml. of medium. Growth was determined after 7 days by a Klett-Summer- 
son photoelectric colorimeter with a No. 66 red filter. A set of B,,. stand- 
ards was run with each series of determinations because the slope of the 
standard curve varied somewhat from experiment to experiment. A typ- 
ical standard curve (Curve B) is shown in figure 1. The effect of 1x 10° 
pg. of B,. was regularly observed by this method. 

Quantitative by FPD. Flat-bottomed petri dishes each containing 20 
ml. of medium seeded with Euglena were prepared as follows: Quantities 
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of 50 ml. of 2x Medium I and 50 ml. of 3.0 per cent water agar were sepa- 
rately sterilized, mixed and cooled to 40° C. One ml. of a standard culture 
of Euglena was added to each 100 ml. of the agar medium which was shaken 
and distributed into petri dishes. Schleicher and Schuell No. 740 E filter 
paper discs, one-half inch in diameter, were dipped in the solution under 
test. The dises were placed on the seeded agar, and the inverted plates in- 
cubated for 7 days (fig. 6, A, B and C). The diameter of the zone of stimu- 
lation was measured over a standard light source with a mm. rule. A set of 
B,. standards was run with each series of determinations. Stimulation of 
Euglena under the FPD with 1 x 10“ yg. B,. was observed by this method. 
A typical curve is shown in figure 2. 

The diameter of the zone of stimulation for a given concentration of B,. 
was not affected by the time of soaking the FPD in the test solution (1 see- 
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Fic. 2. Diameter of stimulation zones on agar Medium [I around filter paper discs 
dipped in B,, solutions as indicated. Measurements made after 7 days incubation. Com- 
pare with Fig. 6, A. 
ond to 10 minutes). The effect of one disc was substantially the same as 
that of a pile of five discs treated with the same B,, solution. The thickness 
of the agar in the petri dish was varied by 20 per cent without noticeable 
effect on the zone of stimulation. 

The size of the FPD had a marked effect as did the amount of Euglena 
seeded in the agar. The diameter of the zone of stimulation, for a given 
concentration of B,., was increased as the amount of Euglena used in the 
seeding was reduced. The larger the number of Huglena seeded in the 
agar the greater the demand for B,. and the shorter the diffusion distance. 
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For example, increasing the inoculum from 10,000 organisms per ml. to 
40,000 per ml. reduced the diameter of the zone of stimulation by from 1 
to 11 mm.; the reduction was greater for the larger amounts of By». 

The FPD method, though less sensitive than the method in which liquid 
Medium I was used and optical density measured, was useful for surveys; 
several PDs each impregnated with a different solution could be accom- 
modated in a single dish (fig. 6). It also permitted the detection of inhibi- 
tory substances as well as the presence of B,.. For example, in figure 6, 
B 5 and 7 and figure 6, C 12, the slight inhibitory action of an extract of 
broccoli roots, of turnip roots and of horse-radish petioles may be noted by 
the failure of Huglena to grow under the FPD: in figure 6, C 10 a slight 
zone of inhibition from the extract of perennial onion roots is evident im- 
mediately around the FPD with some stimulation beyond the inhibited area, 
and from figure 6, C 11 the extract of horse-radish root evidently contained 
both inhibitory and stimulating materials. 

Quantitative by number. In some instances the number of organisms 
per unit volume was determined by a haemacytometer. However, growth 
as determined by optical density did not always parallel growth as deter- 
mined from the number of organisms per ml. For example, with increas- 
ing B,, the optical density tended to reach a limiting value even though the 
number of organisms per unit volume continued to increase (fig. 3, Curves 
A and B). This anomalous situation was accounted for by the decrease in 
the average volume? of a single organism with increasing concentrations of 
B,. (fig. 3, Curve C). The volume of a single organism multiplied by the 
number per ml. resulted in a curve (fig. 4) much similar to that determined 
by optical density. 

Standard culture of Euglena. The standard culture was prepared by 
growing Euglena in 25 ml. of Medium I (in a 125 ml. Erlenmeyer flask) 
with 0.0005 pg. crystalline vitamin B,. per ml. until an aliquot diluted 5 x 
with water gave a reading of from 50 to 55 with the colorimeter. If neces- 
sary the stock was diluted with Medium I to reach this value. Depending 
on light and temperature an incubation period of 2 or 3 days was required 
to obtain such a standard culture. The media after inoculation contained 
on the order of 10,000 organisms per ml. 

Sterilization of media. Autoclaving B,,. in water at 15 lbs. for 20 min. 
was found to destroy some of the vitamin (perhaps as much as 30 per cent). 
This observation differs from that of Rickes et al (1949) who state that 
autoclaving for 15 minutes does not change the activity. Evaporating pond 


2 For counts Euglena was killed by adding a drop of 40 per cent formaldehyde to 
the test tube culture. The average number of 18 volumes of 0.1 mm.* each was determined 
for each test tube culture. The average length and width of 10 organisms was measured 
and volume calculated by considering the Euglena to be a cylinder. 
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water in an open beaker to ;y of its original volume resulted in the loss of 
from % to ¢ of the By. To minimize destruction of B,. by heat, solutions 
were pasteurized by heating to between 90° and 100° C. or by bringing them 
to a quick boil. 

Autoclaving the 2x Medium I was found to reduce growth with the 
larger amounts of B,. when compared to the effect of the medium (fig. 1, 


Curve A) pasteurizing by boiling. This reduction was perhaps the result 


of the formation of toxic products probably from the interaction of glutamic 
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Fie. 3. Euglena grown 7 days in Medium I. Curve A, optical density; Curve B, 
number Euglena per mi.; Curve C, volume single Euglena in p*. For Curve A, 1 unit 
equals 100 Klett-Summerson units; for Curve B, 1 unit equals 1,000,000 organisms; for 
Curve C, 1 unit equals 5000 py’. 


and malice acids. As standard procedures, autoclaving and evaporation by 
heat at atmospheric pressure were avoided. With pasteurization by quick 
boiling or temperatures of from 90 to 100° C, contaminations were rare, in 
part because of the high acidity of Medium I. 

Detection and isolation of organisms synthesizing B,.. Two procedures 
were used to distinguish in mixed cultures those microorganisms which pro- 
duced B,.. In one, suitable dilutions of the material to be tested were mixed 
with Medium III ag pH 5.0 or 7.0) which was then seeded with Euglena. 
On incubation at 25 to 28° C zones of stimulation of Euglena were apparent 
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around some of the colonies of microorganisms which had developed in the 
agar (fig. 6, E and F). 

As an alternate method suitable dilutions of the material to be tested 
were made in Medium III (or any other agar medium sufficiently free of 
B,2) and after the colonies of microorganisms had developed, the surface of 
the agar was coated with 10 ml. of agar Medjum I seeded with Euglena. 
After suitable incubation stimulation of Euglena was evident over some of 
the colonies (fig. 6, D). 

Incubation. For the satisfactory use of Euglena gracilis in By, deter- 
minations, the temperature should be 25° to 28° C and light should be sup- 
plied. In the absence of a suitably illuminated constant temperature room a 
ease 7 ft. high, 6 ft. wide and 2 ft. deep was adapted to our purposes.* The 
ease was provided with glass shelves and with glass walls at each end. The 
inside of the front, back, top and bottom was coated with aluminum paint. 
Continuous illumination was supplied by two 100 watt white fluorescent 
lamps at each end of the cabinet. Heat was furnished by four 60 watt in- 
eandescent lamps thermostatically controlled and located in the center of 
the top of the case. A circulating air system, cooled during the summer 
months’ assisted in maintaining a uniform temperature throughout. 

Our conditions were not as favorable for the growth of Euglena as those 
employed by Hutner et al (1950). They obtained 7,000,000 organisms per 
ml. with 1.5x 10° pg. B,. per ml. and 880,000 with 110° pg. We found 
about 5,000,000 organisms with 1.5 x 10° yg. B,. per ml. and 600,000 with 
1 x 10°° pg. per ml. On this basis the number of molecules of B,. necessary 
for the development of one euglena was larger in our experiments than that 
found by Hutner et al (our 7100 as compared to their 4900). 

Specificity of vitamin B,, for Euglena. The following compounds at the 
concentrations given had no effect (neither stimulation nor inhibition) on 
Euglena when tested by the FPD method: 6-amino-8-oxypurine, 6,8-dioxy- 
purine and 7-methylguanine at 50 yg. per ml.; guanosine picrate at 70 yg. 
per ml.; 1,7-dimethylguanine, 8-oxypurine, divicine sulfate, monoacetone 
guanosine, pteroylglutamic acid and 4-amino-N'’-methyl pteroylglutamie 
acid (A-methopterin) at 100 »g. per ml.; vicine at 200 pg. per ml.; methio- 
nine at 1 mg. per ml.; dihydrexanthopterin at 50 mp» moles per ml.; xan- 
thine, 1-methyl-2-amino-6-oxypurine, acetyl guanine, leucopterin, 2-amino- 
6,8-dioxypurine, 6-amino-2,8-dioxypurine, 1-methyl-2,4-diamino-5-formyla- 
mino-6-oxypyrimidine, 2,4-diamino-5-formylamino-6-oxypyrimidine, 2,4,5- 
triamino-6-oxypyrimidine, pterine, xanthopterin, and protogen at 100 mp 
moles per ml. ; orotic acid at 200 mp moles per ml. ; aspurine at 500 mp moles 
per ml. ; guanine, adenine, hypoxanthine, thymine, adenine sulphate, cytosine 
and uracil at 1000 mp moles per ml.; and ascorbie acid at 10 mg. per ml. 


3 The authors are indebted to Dr. F. Kavanagh for assistance in preparing the ineu 
bating cabinet. 
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A-methopterin. Of the compounds listed A-methopterin is of particular 
interest. This compound, an analog of pteroylglutamie acid, is highly toxie 
to the tissues of higher plants and to animals. Excised tomato roots were 
killed by 10 wg. per |. (deRopp, in press) ; Franklin et al (1949) found 3 
mg. per kgm. killed rats; Moore et al (1949) report 2.5 mg. per kgm. per day 
given by intraperitoneal injections killed 46 per cent of mice. However, 
Euglena remained active without evident injury in Media I, II, or III con- 
taining 100 »g. per ml. and in pond water with 50 yg. per ml. (the highest 
concentration used). None of these media contained pteroylglutamie acid 
which might act as an antagonist of A-methopterin. 

Aureomycin. At suitable dilution commercial aureomycin, Lederle A 377, 
stimulated the growth of Euglena in liquid Medium I. The effect was equiva- 
ient to that produced if the aureomycin contained between 0.1 to 0.15 yg. 
of B,. per g. as a contaminant. 

Euglena proved to be quite resistant to aureomycin. With the lower 
amounts of aureomycin development was nearly normal; with larger 
amounts the organisms became chlorotic and were reduced in size but mul- 
tiplied and were more than normally active. The appearance of cultures 
grown in Medium I supplemented with 1x10 yg. of B,. and containing 
various amounts of aureomycin changed with time perhaps because of the 
deterioration of the aureomycin. Normal appearing green cultures developed 
in 4 days in solutions containing up to 39 ppm. of aureomycin; in 7 days in 
those containing up to 78 ppm. and in 17 days up to 312 ppm. 

However, microscopic examination showed that pale slender extremely 
active euglenas were present in solutions which showed little or no green 
color. After 7 days the following observations were made: 
Shem § «= EE 


1250 ppm brown 205,000 6,690 
625 brown 355,000 7,050 
78 green 280,000 14,300 

0 green 83,000 20,600 


Aureomycin 


The organisms in the check solution were much less active than those in solu- 
tions containing the larger amounts of aureomycin. From these observations 
it appeared that aureomycin interfered more with the growth of Euglena 
than with its reproduction. In fact multiplication of Euglena in the pres- 
ence of the larger amounts of aureomycin was greater than shown by the 
counts because dead and fragmented organisms were observed. The loss of 
chlorophyll was not permanent as reported by Provasoli, Hutner and Schatz 
(1948) for the action of streptomycin on Euglena; normal green organisms 


were obtained when transfers were made from chlorotic aureomycin cul- 
tures to standard media. 


VOLUME X NUMBER 
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Vitamin B,., and B,.». Kaezka, Wolf and Folkers (1949) deseribed 
a substance different from B,. which they named vitamin B 4... Pierce, Page, 
Stokstad and Jukes (1949) reported the crystallization of a substance re- 
lated to vitamin B,. which they designated vitamin By». 

Through the courtesy of Dr. Folkers and of Dr. Jukes samples of Bisa 
and B,.») were obtained. The samples were in solution in ampoules and were 
used in accordance with the concentrations given with the samples. The ac- 
tivity of these two substances on Euglena was compared with that of B,. on 
an equivalent weight basis in Medium I. 

Stokstad et al (1950) reported the biological activity of B,. and By» to 
be the same for Lactobacillus leichmannii and for chicks. Fricke et al (1950) 
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Fie. 4. Number of Euglena x volume of single organism; compare with Curve A, 
Fig. 3. 


found B,.» and B,,. to show equivalent activity for L. leichmannii and E. 
coli. Kaezka, Wolf and Folkers (1949) reported B,., to have one-half the 
value of the animal protein factor for rats and 30 per cent the activity of B,,. 
for chicks. Hendlin and Woodruff (1949) state that B,., differed in activity 
for L. leichmannii and L. lactis. 

We were unable to obtain equivalent results when the effect of B,. was 
compared with equal weights of B,., or B,.». Two samples of B,., had from 
50 to 60 per cent (fig. 5) of the activity of B,.. Three samples of B,»)' had 
from 20 to 30 per cent (fig. 5) and one sample 80 per cent of the activity of 
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Our failure to confirm for Euglena the equivalence of B,., By, and By.) 
reported by other investigators for other organisms was not because of the 
destruction of the substances by heat. B,. removed from the ampoule under 
sterile conditions and used with no application of heat gave results similar 
to those shown in figure 5. Although Euglena may differ from other organ- 
isms in response to these three compounds, it seems more probable that the 
lower effectiveness of B,., and B,., in our experiments was because of the 
greater lability of these two compounds and their deterioration before use. 
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Fie. 5. Euglena grown 7 days in Medium I. Optical density obtained with equal 
weights of B,., B,., and B,». Vitamins pasteurized in water. 
A specially prepared sample of B,., used soon after it was received was 80 
per cent as active as B,. compared to the 20 to 30 per cent obtained with 
three other samples tested. 

In any event the similarity of the curves (fig. 5) suggests that the same 
substance was acting or that all three substances had the same kind of activity. 

The vitamin B,, content of various natural products. Vitamin B,,. was 
found to be widely distributed in various natural products. Samples of 
gelysate, trypticase, neopeptone, proteose peptone, bacto peptone, Witte’s 
peptone and thiotone were found to contain from 50 to 150 wg. By. per kgm. ; 
the sample of gelysate tested contained the least, Witte’s peptone and thio- 
tone the most. Lysozyme at 1 mg. per ml. had no inhibitory or stimulating 
action. A sample of yeast nucleic acid, kindly furnished by Dr. Charles N. 
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Frey, tested by FPD was negative at 5 mg. per ml. and evidenced the equiva- 
lent of less than 0.0001 pg. B,. at 50 mg. per ml. One per cent Tween 80 
was slightly inhibitory and showed no stimulation. 

Difco desiccated malt extract and yeast contained from 2 to 4 pg. per 
kgm. of air dried material. 

For Staley’s corn steep (nutrient 114) the determinations ranged from 4 
to 10 pg. of B,. per kgm. of solid material. Commercial preparations of pep- 
sin and of malt diastase contained 20 yg. per kgm. while only traces of By» 
(less than 0.0001 pg.) were found in preparations of papain and of Takadi- 
astase tested at 0.1 g. per ml. 

No B,, was found in ungerminated barley, malted barley, toasted wheat 
germ or yellow cornmeal prepared from the whole grain when these mate- 
rials were tested by the FPD method at 0.1 g. per ml. 

The vitamin B,, content of various samples of commercial agar was ap- 
proximated by comparing the growth of Euglena in the sample tested with a 
graduated series of various amounts of B,. in purified agar (Robbins and 
Ma, 1945). The Euglena was mixed with 1.5 per cent agar in Medium I. 

All the samples of commercial agar tested contained vitamin B,.. The 
largest amount found was about 3 wg. per kgm. of air dried agar in a sample 
of Penick’s granulated agar; samples of Difco agar and Difco special agar 
(Noble) contained from 1.5 to 2 wg. per kgm. A sample of Eimer and Amend 
flake agar and one of Reinschild shredded agar contained considerably less 
than 1.5 yg. per kgm. Purified agar prepared by methods previously de- 
scribed was nearly or completely free of vitamin B,, as tested by this method. 

It is not possible to say whether the vitamin B,, found in the samples of 
agar tested by us was present in the original algae from which the agar was 
prepared, whether it was formed by microbial action during the preparation 
of the agar or added as a contaminant. The B,. content of Difeo agar was 
sufficiently low so that it could be used without purification for the isolation 
of B,.-synthesizing organisms and in the FPD method of determining B,, 
quantitatively. 

Pond Water. A small pond within the limits of the grounds of The New 
York Botanical Garden annually develops a coating of Huglena (water 
bloom). A few determinations of the B,,. content of this water gave the fol- 
lowing results : 


Date ug. per ml. 
11/23/49 0.0020 
1/23/50 0.0010 
2/ 2/50 : 0.0002 
3/20/50 0.0001 
6/ 9/50 0.0004 
6/29 50 0.0001 
7/11/50 ; . 0.0006 
7/13/50 0.0002 


8/21/50 0.0002 
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The B,. in the pond water probably originates from the synthetic ac- 
tivity of microorganisms chiefly in the pond mud. We isolated a number of 
bacteria and yeasts and a few filamentous fungi from the pond water or 
pond mud. Cultivated in a dextrose-casein liquid medium with and without 
a supplement of CoCl, or Co (NQ;) 


2 nearly half of the organisms tested 
were found to synthesize B,.. The maximum amount obtained was 0.05 zg. 
per ml. Some of the better producers of B,. were found to form from 2 to 8 
times as much B,. in the medium supplemented with 5 ppm. of CoCl, or 
Co (NO,), as compared to their production in the unsupplemented medium. 
(See Hendlin and Ruger, 1950.) 

When mud from the pond was plated at suitable dilutions in Medium 
[Il seeded with Euglena, about 25 per cent of the colonies stimulated the 
growth of Euglena. Of 92 isolations from the stimulating colonies, 88 were 
bacteria (mainly gram-negative rods) ; 2 were Actinomycetes and 2 were 
filamentous fungi. One of the bacteria grown 4 days in Medium III at pH 
7.0 was found to produce 0.01 yg. of B,. per ml. of liquid. 

Associated growth of Euglena and bacteria. Some of the isolations of 
bacteria made from the pond water plates were contaminated with Euglena. 
Two of these contaminated cultures were selected. The combined growth of 
Euglena and the B,,. synthesizing bacteria was maintained in the dark on 
Medium III at 25° C at pH 7.0 for 20 successive transfers. A pure culture 
of Euglena died out after one transfer on the B,, deficient medium. The 
cultures were exposed to light for short periods when they were examined 
at intervals. In similar experiments in diffuse light though not carried 
through so many transfers both Euglena and the bacteria survived in mixed 
culture. 

Soil. Extracts were prepared by shaking five grams of fresh soil with 
10 ml. of distilled water for a minute or thereabouts; the solid material was 


allowed to settle and the B,, content of the supernatant liquid was deter- 
mined by the FPD method. 


Fie. 6. A, B and C. Effect of filter paper discs after 7 days on agar Medium I 
seeded with Euglena. 1, filter paper dise dipped in 0.01 pg. B,. per ml.; 2, in 0.005 yg. 
B,. per ml.; 3, in 0.002 yg. B,. per ml.; 4, garden soil, supernatant liquid from 0.5 g. soil 
per ml.; 5, extract of broccoli roots, 0.3 g. fresh root per ml.; 6, broccoli young stem, 
0.5 g. per ml.; 7, turnip root, 0.3 g. per ml.; 8, turnip leaves, 0.4 g. per ml.; 9, tomato 
stem, 0.5 g. per ml.; 10, perennial Onion petioles, 0.7 g. per ml.; 11, horse-radish roots, 
0.5 g. per ml.; 12, horse-radish petioles, 0.4 g. per ml.; 13, tomato root, 0.5 g. per ml. D. 
Two cultures of bacteria isolated from pond mud and grown on Medium III at pH 7. 
After 2 days coated with Medium I seeded with Euglena. Note evidence for extracellular 
By. E. Garden soil plated at pH 5.0 in Medium III seeded with Euglena. Note some 
colonies stimulate Euglena, F. Enlarged portion of E. Note stimulation of Euglena around 
3 of the 5 bacterial or fungal colonies. 
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The soils tested included garden soils, greenhouse soils and lawn soils. 
Each of 10 different soils tested was found to contain vitamin B,, in amounts 
ranging from 0.002 to 0.015 yg. per g. of fresh soil. None of the soils tested 
had been freshly manured. 

The water extracts of soil prepared, as described above, contained from 
0.001 to 0.008 pg. of B,. per ml. This amount of B,, is of the same order as 
that found in homogenized milk which by the FPD method contained be- 
tween 0.001 and 0.002 yg. of B,. per ml. Collins, Dietrich and Elvehjem 
(1950) report 0.002 to 0.003 pg. of B,. per ml. of cow’s milk. 

Soil extracts at suitable dilutions were plated in Medium III (at pH 5.0 
and pH 7.0) seeded with Euglena. From 3 to 5 times as many colonies de- 
veloped in the neutral medium as in the acid medium. However, about 60 
per cent of the colonies on the acid medium stimulated the growth of 
Euglena and about 10 per cent of those on the neutral medium. The stimu- 
lating organisms were chiefly bacteria though some Actinomycetes and one 
pink yeast were observed. 

Actinomycetes. Fluids from shake cultures of a considerable number of 
Actinomycetes isolated from soil were examined for vitamin B,.. The cul- 
ture fluids were kindly supplied by Dr. I. N. Asheshov. Tested at 100 x dilu- 
tions with the FPD method 76 of 88 isolates gave positive results. In most, 
though not all, instances, boiled culture liquids (containing an aliquot of 
the organisms as well as the culture solution) gave higher tests than those 
not boiled. Apparently B,, within the organism was set free by heat. The 
maximum amount of B,, found in a shake culture was 500 yg. per 1. 

Higher Plants. Roots, stems, leaves and fruits of a variety of higher 
plants, mostly garden vegetables, were tested for vitamin B,.. The plant 
material to be tested was scrubbed and washed with water to remove soil, 
patted dry with a paper towel and cut up into small pieces. A weighed 
amount of fresh material was fragmented in a Waring blender with a mini- 
mum amount of distilled water. A sample of the extract was brought to a 
quick boil in a test tube and the B,,. content determined by the FPD method. 
The quantity of fresh material ranged from 0.1 to 0.8 g. per ml. of extract. 

Positive results were obtained for the majority of roots tested and for a 
few stems. The results with leaves were generally negative for the amount of 
material used. However, five samples of radish leaves gave positive tests and 
appeared to contain on a fresh weight basis as much or more B,, than the 
roots. No evidence for the vitamin was found in the fruits examined. 

Roots of beet, string beans, broccoli, Brussels sprouts, cabbage, celery, 
chicory, endive, kale, kohlrabi, horse-radish( leek, lettuce, Mahonia swaseyi, 


perennial onion, green pepper, red pepper, rhubarb, perpetual spinach, 
strawberry, New Zealand spinach, Swiss chard, radish, tomato and turnip 
gave positive tests for vitamin B,.. The quantity found ranged from 0.004 
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pg. to 0.01 wg. per gm. of fresh material. Negative results were obtained with 
four samples of carrot (0.6 g./ml.) and one each of Chinese cabbage (0.4 
g./ml.), parsnip (0.8 g./ml.) and sweet potato (0.8 g./ml.). The extracts of 
the roots of kohlrabi (0.3 g./ml.)-and horse-radish (0.5 g./ml.) showed 
marked inhibition as well as the presence of B,, and slight inhibition of 
Euglena was observed with extracts of roots of broccoli (0.3 g./ml.), Chinese 
cabbage (0.4 g./ml.) and Brussels sprouts (0.3 g./ml.). 

The roots of different samples of a given species showed considerable 
variation in B,. content. For example, four lots of roots of Swiss chard 
gave the following results: 0.009 »g., 0.00125 yg., 0.0004 ug. per g. fresh 
material and no test for 1.5 g. per ml. Three samples of roots of green pepper 
gave 0.0003 yug., 0.002 pg. and 0.004 yg. per g. of fresh material. Of the stems 
of 10 kinds of plants, detectable amounts were found in those of cabbage, 
Idaho potato (tubers), kale, and one sample of tomato. Of the leaves of 23 
kinds of plants detectable amounts were found in some samples of kohlrabi, 
turnip and radish. 

In those instances in which roots, stems and leaves of the same plant were 
examined the B,. content was greatest in the roots and least in the leaves, 
with the possible exception of radish. 


Vitamin B,,. as pg. per g. fresh material 

Root Stem Leaf 

Tomato (Var. Rutgers) 0.015 0.0002 0 in 0.26 g. 
Cabbage 0.01 0.0005 0 in 0.2 g. 
Celery (Var. Pascal) 0.002 0 in 0.6 g. 
Pepper, green (Var. Calif. Wonder) 0.002 0 in 0.4 0 in 0.4 g. 
Kale 0.01 0.0002 0 in 0.2 g. 

Kohlrabi 0.01+ 0 in 0.6 g. Less than 0.0001 

in 0.4 g. 

Broccoli 0.01 0 in 0.5 g. 0 in 0.56 g. 
Leek 0.01 0 in 0.6 g. 0 in 0.6 g. 


Negative results were obtained for the fruits of green pepper, string- 
beans, peas, banana (skin and pulp), avocado (pulp and seed embryo) co- 
conut (milk and endosperm), grapes and persimmon. The quantities exam- 
ined ranged from 0.3 to 0.8 g. of fresh material per ml. The results were 
negative also for the germinated seeds of barley, stringbeans, soybeans, corn, 
peas, radish, rutabaga, Swiss chard and wheat when from 0.1 to 0.9 g. of 
fresh material per ml. was used. Some inhibition of Euglena was noted with 
the extract of the germinated seeds of soybean and Swiss chard. 

Excised tomato roots. Although quantities of vitamin B,. up to 0.008 
pg. per g. of fresh material were found in the roots of field grown tomato 
plants, we were unable by our methods to detect the vitamin in excised to- 
mato roots. The roots tested were grown from those which have been main- 
tained in Pfeffer’s solution supplemented with cane sugar and thiamine 
since 1933 (Robbins, 1946). Excised tomato roots grown 4 weeks in Pfeffer’s 











438 BULLETIN OF THE TORREY BOTANICAL CLUB [VoL. 77 


solution containing 1 per cent cane sugar and supplemented with thiamine, 
pyridoxine, nicotinic acid and 1.0 ppm. of Co (NO,). were ground in a 
mortar, heated to boiling and extracted at room temperature with 50 per 
cent alcohol overnight. The extract was concentrated in vacuo and tested 
for B,. in liquid Medium I. No B,,. (less than 1 x 10° pg.) was found in the 
extract of 0.2 g. of dry material per ml. Similar tests for water extracts from 
mortar-ground heated and unheated roots were negative for 50 to 60 mg. 
fresh roots per ml. Roots grown in solutions supplemented with thiamine, 
pyridoxine, nicotinic acid, adenine sulfate, indole acetic acid and casein 
hydrolysate were negative at 0.5 g. fresh material per ml. 

The excised roots were grown in Pfeffer’s solution supplemented with 
thiamine, pyridoxine, nicotinic acid, 1 per cent cane sugar and 0.02 yg. of 
crystalline B,. per ml. Roots were grown individually for 1 month in 125 
ml. Erlenmeyer flasks containing 50 ml. of solution. At the end of the 
growth period the B,. in the solutions and in the roots was determined by 
the FPD method. The roots were found to contain 0.0004 pg. per g. of fresh 
material or about 0.1 per cent of the amount originally present in the solu- 
tion. No difference between the original and final B,,. content of the solution 
was detected by the FPD method, a result to be expected because of the 
small amount removed by the roots. 

Discussion. Vitamin B,, appears to have considerable specificity for 
Euglena. Hutner et al (1949) found thymidine to be ineffective as a substi- 
tute for B,.. We obtained negative results with vitamin-free casein hydroly- 
sate, carbon-treated peptone, ascorbic acid, methionine, yeast nucleic acid 
and a number of purine and pyrimidine bases as well as with pteroylglutamic 
acid, xanthopterin and related compounds. Vitamin B,., and vitamin Bye» 
were both active. There is probably a number of related compounds, any 
one of which will replace B,, in the physiology of Euglena, at least in part. 
For the sake of simplicity we have in the body of this paper stated our 
results with Euglena in terms of vitamin B,.. It would be more accurate to 
have said B,, or its physiological equivalent. This qualification must be kept 
in mind in interpreting the results reported here. 

Furthermore, our determinations were concerned with the free By. 
present in the substances tested or formed by the organisms examined. If 
B,. exists in a combined form insoluble in water or unavailable to Euglena, 
our methods would not reveal its presence. 

Our observations indicate that a considerable proportion of the bacteria 
and Actinomycetes in the soil are able to synthesize B,,. and that the vitamin 
appears at least in part in an extracellular form. The ability to synthesize 
substantial amounts of B,. seems less common for the yeasts and the fila- 
mentous fungi. 
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The relation of vitamin B,, to higher plants is uncertain. Do they syn- 
thesize it? We found significant quantities in the roots of a variety of 
higher plants and might have found it more generally distributed in stems 
and leaves if larger quantities of material had been examined or if the prepa- 
rations had been tested by the more sensitive liquid culture instead of by the 
FPD method. However, since B,, occurs in the soil solution it is possible 
that the field grown higher plants absorbed it from the soil and did not syn- 
thesize it. The presence of more B,, in the roots than in stems and leaves 
would support this assumption. We failed to demonstrate B,. in excised to- 
mato roots. However, as was pointed out earlier, our determinations are 
limited to free B,.; By. may occur in higher plants in a form unavailable to 
Euglena. 

Is B,. of any importance to higher plants? From a priori considerations 
we might conclude that a substance so fundamental to animals and to simple 
organisms like Euglena must play a role also in the physiology of higher 
plants. However, we observed no effect on the growth of excised tomato roots 
of the addition of B,. to a mineral salt-sugar medium containing thiamine, 
pyridoxine and nicotinic acid. 

On the basis of our present knowledge vitamin B,. seems to occupy a 
unique position among the essential metabolites required by animals. It ap- 
pears probable that the synthetic activity of microorganisms, especially of 
bacteria and Actinomycetes, and not that of higher plants, is the original 
major source of vitamin B,, in nature. Herbivorous animals probably obtain 
B,. from their intestinal flora. For soil inhabiting animals the microflora of 
the soil could furnish whatever B,. might be needed. For fish and other 
marine animals the microorganisms of the sea and adjacent land may sup- 
ply this vitamin, though we know nothing of the relation of the intestinal 
flora of these animals to vitamin B,,. The development of Euglena in pond 
water depends on the formation of B,. by microorganisms in the pond mud 
and adjacent soil. Much more information is needed on the vitamin B,, re- 
quirements of various types of organisms and the ultimate agencies by which 
these requirements are satisfied. 


SUMMARY 


1. Methods of using Euglena gracilis var. bacillaris for the bioassay of 
antipernicious anemia factor (vitamin B,,) are described. It was estimated 
quantitatively by growing Euglena in a liquid medium and measuring op- 
tical density ; by the zone of stimulation induced by impregnated filter paper 
dises placed on an agar medium seeded with Euglena and also by counting 
the number of euglenas per ml. The liquid medium permitted the detection 
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of 1x 10~ wg. By, per ml. Methods were developed for detecting in mixed 
cultures those microorganisms which synthesize B,». 

2. Vitamin B,, could not be replaced by vitamin-free casein hydrolysate, 
earbon-treated peptone, yeast nucleic acid, methionine, ascorbic acid, a va- 
riety of purine and pyrimidine bases, pteroylglutamic acid, xanthopterin or 
related compounds. Vitamin B,., and vitamin B,., were effective as substi- 
tutes for B,.. The B,, content of a variety of natural products was deter- 
mined. Euglena was quite resistant to A-methopterin and to aureomyein. 
Soils were found to contain 0.002 to 0.015 pg. of B,. per g. of fresh soil. 
Roots of a variety of field grown vegetables contained appreciable amounts 


of B,.; less was found in stems and petioles; the results for leaves were gen- 


erally negative. No B,, was found in excised tomato roots grown under 
sterile conditions in liquid media. A pond upon which Euglena develops was 
found to contain from 0.0001 to 0.002 pg. of B,. per ml. Numerous bacteria 
and Actinomycetes were found capable of synthesizing By». 

3. Vitamin B,. seems to occupy a unique position among the essential 
metabolites required by animals. It appears probable that the synthetic ac- 
tion of microorganisms, especially bacteria and Actinomycetes, and not that. 
of higher plants is the original major source of vitamin B,, in nature. 

DEPARTMENT OF BoTaNy, COLUMBIA UNIVERSITY 
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A PYTHIUM WITH STOUT OOGONIAL SPINES AND 
COILED ANTHERIDIAL BRANCHES 


CHARLES DRECHSLER' 


Among the oomycetes that have been isolated from discolored or softened 
tissues of phanerogamic plants the 2 species I described in 1930 under the 
binomials Pythium mastophorum and P. polymastum stand out, together 
with the flax root-rot fungus referred by Buisman (1927) to P. megalacan- 
thum de Bary (1881la and b), as members of an unusually distinctive group 
(Drechsler, 1939b). When grown on maizemeal agar of customary firmness 
the 3 species produce abundant large oogonia beset with numerous protuber- 
ances of conical or somewhat mammiform shape. Since these protuberances 
are usually of greater basal width and commonly show a thicker wall than 
the corresponding oogonial modifications in such more familiar congeners 
as my P. periplocum, P. acanthicum and P. oligandrum (Drechsler 1930, 
1939a, 1946) they appear characteristically sturdier. With this difference 
in appearance are associated differences in mycelial habit and biological re- 
lationship ; the stoutly spinose group lacking the decidedly strong tendency 
toward delicate hyphal ramification usual among the familiar echinulate 
forms, besides being devoid of all capacity for parasitizing other species of 
Pythium. Accordingly it may be presumed that within the genus the 
stoutly spinose forms have no especially close kinship to the members of the 
delicate echinulate series. They would seem likewise to be somewhat re- 
mote from the digitated species P. irregulare Buisman (1927), P. mamilla- 
tum Meurs (1929), and P. spinosum Sawada (1927), all apparently closely 
related to the very familiar P. debaryanum Hesse (1874), wherein the 
oogonium is beset with protuberances of generally cylindrical shape, bluntly 
rounded at the tip. As the few members of the stoutly spinose group are 
obtained from affected plant tissue much less frequently than representa- 
tives of either the more delicately echinulate or the digitated series, they 
have not become known to many plant pathologists. An additional member 
of extraordinary distinctiveness that came to light among some cultures iso- 
lated from discolored roots of sheep sorrel (Rumezx acetosella L.) collected 
near Beltsville, Maryland, on April 28, 1949, may perhaps offer readier ex- 


1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture; Plant Industry Station, Beltsville, Maryland. 
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perience with the group since the host plant concerned here is very widely 
distributed and rather easily removed from the ground. 

The fungus in question grows more rapidly on maizemeal agar than 
Pythium mastophorum or P. polymastum. Its newly developed mycelium 
often shows little of the haphazard intermingling of hyphae usual in cultures 
of the 2 related species, but instead will frequently display a more nearly 
orderly arrangement like that of P. irregulare, P. mamillatum, and P. anan- 
drum (Drechsler 1930, 1939a), the stout axial hyphae pursuing straightfor- 
ward radial courses and giving off at intervals narrower, handsomely rami- 
fied branches of restricted length. After a few days, however, the original 
orderliness of the mycelium may become diminished from random develop- 
ment of some additional hyphae. The main hyphae (fig. 1, A-G: a; fig. 2, 
A-C: a) commonly measure from 3 to 8 » in width; so that the fungus needs 
to be reckoned, along with the common damping-off species, among the 
coarser members of the genus. On the lower side of Petri plate cultures the 
mycelium often produces moderate numbers of appressoria in contact with 
the glass floor. These appressoria appear as swollen hyphal terminations 
(fig. 3, A-P) variously curved and often more than 100 » in length. Many 
appressoria grow out distally to form a filamentous hypha (fig. 3, D) 
whereon a second appressorium may be produced. At the proximal end the 
appressorium is often found set off by a crosswall, or frequently, again, is 
delimited by a retaining wall separated by a narrow empty space from a 
retaining wall that bounds the supporting branch. It remains uncertain to 
what extent delimitation from the supporting branch may be construed as 
normal development, or as an abnormality resulting from functional frus- 
tration and internal degeneration of the appressorium. 

Since liberal production of appressoria often indicates a capacity to in- 
vade plant tissue, the fungus was tried out by transferring portions of 
young mycelium from a pure culture into shallow incisions in cucumber 
(Cucumis sativus L.) fruits. When the inoculated fruits were kept at 28° C. 
they underwent a rapidly progressive softening of their tissues, with the 
result that after 2 or 3 days they began to release much water turbid with 
bacteria. At 17° C. decay was slower and less seriously influenced by seec- 
ondary organisms. The progress of the invading fungus was noticeable 
externally in the advance of a water-soaked zone about 20 mm. wide. Be- 
hind this zone aerial mycelium grew out, at first appearing as a light fleecy 
layer (fig. 4, A-C), but later in some instances forming a cottony weft that 
covered the cucumber virtually from end to end (fig. 4, D). On microseop- 
ical examination newly invaded tissues were found abundantly permeated 
with mycelial hyphae of the fungus, all of them filled throughout with living 
protoplasm of faultless texture. When portions of tissue were kept moist 
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Fig. 1. A-D. Hyphae of Pythiwm helicandrum, a, attacked by ramifications ex- 
tended from neighboring filaments of P. oligandrum, b. E-H. Hyphae of P. helican- 
drum, a, attacked by ramifications extended from neighboring filaments of P. acanthicum, 
b. All parts drawn to a uniform magnification with the aid of a camera lucida; x 1000 
throughout. 
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for a few days the hyphae became progressively emptied as their contents 
were utilized in the production of numerous oospores. 

Although sexual reproduction thus is abundantly displayed in host tis- 
sues it can be more conveniently studied in Petri plate cultures prepared 
with maizemeal agar preferably containing a noticeable quantity of finely 
divided maizemeal in suspension. After the fungus has been growing in 
such cultures for about 2 days, units of sexual apparatus begin to appear in 
the older portions of the mycelium. They always have their origin in posi- 
tions where 2 hyphae having no visible mycelial connection come close to- 
gether (fig. 5, A-N: a, b; fig. 6, A—J: a, b; fig. 7, A-I: a, b), whether at 
wide or at narrow angles. Judging from appearances, development is ini- 
tiated where local contact or proximity of 2 hyphae comes about through 
chance, rather than through special directional growth. In the region of 
contact or closest proximity each of the 2 hyphae (fig. 5, A-C: a, b) usually 
puts forth a lateral branch. The 2 branches, which thus from the beginning 
are in contact with each other, elongate jointly. As they elongate the branch 
destined to supply the antheridium twines spirally about the branch destined 
to supply the oogonium, in most instances describing from 14 to 4§ turns. 
The oogonial branch sometimes elongates with only meager curvature (fig. 5, 
E, F, G, I, J; fig. 6, A) but sometimes, again, it likewise shows considerable 
eoiling (fig. 5, B, C,H). Occasionally, indeed, the two branches are coiled 
in approximately equal measure, and thereby appear entwined in a beauti- 
fully symmetrical manner (fig. 5, N, ¢, d; e, f). Sometimes one of the 2 
mycelial hyphae concerned in the production of a unit of sexual apparatus 
fails to extend a special branch, and is then itself (fig. 5, D, a) entwined by 
the coiling branch put forth from the other hypha (fig. 5, D, b). In such 
instances the enwrapped hypha never undergoes any spiral modification at 
all. Furthermore, it never supplies the antheridium but invariably sup- 
plies the oogonium as a mesially or laterally interealary globose structure 
(fig. 6, E. a; F, a; fig. 7, E, a). 

During their period of elongation and entwinement the two paired sexual 
branches usually show only slight dimensional differences. Toward the end 
of this period the oogonial branch is sometimes found with its narrowed tip 
tightly enveloped in the distal coil of the antheridial branch (fig. 5, A). 
Rather often an appearance is then given as if the tip of the oogonial branch 
might be cemented to the wall of the enveloping coil. In instances where 
the tip of the oogonial branch is thus tightly hemmed in, the oogonium often 
develops some little distance below through lateral enlargement; the grow- 
ing globose part pushing its way out sideways between adjacent turns of 
the coiled antheridial branch (fig. 5, G). More frequently, however, the 
female branch is not tightly hemmed in at the tip, and the oogonium most 
often develops as a globose terminal enlargement that pushes its way out 
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Fie. 2. A. Portion of mycelium of Pythium helicandrum, a, in early stage of being 
enveloped by short ramifications of Plectospira myriandra, b. B. Hypha of Pythiuwm 
helicandrum, a, being enveloped by short branches extended from a neighboring filament 
of Plectospira myriandra, b. C. Portion of mycelium of Pythium helicandrwm, a, show- 
ing early injury resulting from envelopment by branches of Plectospira myriandra, b. 
All parts drawn to a uniform magnification with the aid of a camera lucida; x 1000 
throughout. 
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centrally from the distal end of the male coil (fig. 5, E, F, H). The glo- 
bose enlargement, whether emerging distally or laterally, continues to grow 
until it reaches a definitive width ranging commonly from 17 to 32 4. Dur- 
ing the later stages of growth it puts forth protuberances in usually some- 
what close arrangement. These protuberances at first are dome-shaped and 
filled with protoplasm (fig. 5, J; fig. 7, A) but soon they become more nearly 
conical, and after their wall has been thickened they become empty of living 
contents. At about the same time the globose body is cut off as an oogonium 
by the laying down of a basal septum in a position approximately flush with 
the spherical contour (fig. 5, K), or occasionally in a position a few microns 
below (fig. 7, H). 

Concurrently with development of the oogonium the coiled male branch 
undergoes less conspicuous changes. It appears usually to grow a little in 
length, and would seem often to increase slightly in width, at least in its 
distal portion. Now and then its shape is modified in some degree by the 
production distally of one or more short diverticulations (fig. 5, K; fig. 7, B). 
Through deposition of a cross-wall, usually 25 to 45 » below the tip of the 
branch, a terminal cell is delimited, which, apart from the antheridia that 
in some species of Pythium are formed directly from portions of mycelial 
hypha, makes up perhaps the most nearly filamentous antheridium known in 
any member of the genus. In most instances where the female branch elon- 
gated centrally through the male coil the antheridium will envelop the distal 
portion of the stalk and the adjoining basal portion of the oogonium, usually 
passing around the circumference in a full turn (fig. 5, L, M; fig. 6, C, F, G.; 
fig. 7, B, C, D, F, G, H, e, d). In other instances the antheridium extends 
upward over the surface of the oogonium (fig. 5, N; fig. 6, B, 1; fig. 7, H) 
somewhat as in my P. helicoides (Drechsler 1939a). Rather frequently, 
again, the antheridium is found coiled less around the stalk and basal por- 
tion of the oogonium than around a stubby projection of the oogonium a 
little distance from the stalk (fig. 6, J). This curious positional relationship 
comes about in instances where the female branch expanded laterally to 
grow through the side of the male coil. The stubby projection here repre- 
sents, of course, the terminal part of the female branch above the place 
where enlargement occurred, the same part, therefore that would have com- 
posed the distal portion of the stalk had the oogonium been formed termi- 
nally after the more usual manner, and that would then similarly have been 
surrounded by the antheridium. No comparable instances of the oogonium 
emerging between 2 successive turns of the male coil were noted in any of 
the units of sexual apparatus that came under observation where the female 
organ originated directly from an interealary portion of mycelial hypha. 
In all such units the male coil was found enveloping only one of the 2 hyphal 
arms supporting the oogonium, and consequently showed no disturbances of 
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Fie. 3. Portions of hyphae of Pythiwm helicandrum, A-P, bearing appressoria de- 
veloped in contact with the glass floor of a Petri dish containing a maizemeal-agar plate 
culture of the fungus. All parts drawn to a uniform magnification with the aid of a 
camera lucida; x 500 throughout. 
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its geometrical symmetry (fig. 6, E, F; fig. 7, E). In some instances where 
a relatively narrow supporting hyphal arm had been enveloped by a corre- 
spondingly narrow male coil, the terminal antheridium was found to be com- 
posed of approximately 2 full helical turns (fig. 7, E). 

Owing to serious difficulties of observation that come about from the pres- 
ence of the crowded oogonial spines, it has not been possible to determine 
with certainty what kind of passageway serves in fertilization, though now 
and then a thin-walled fertilization tube seemed to be faintly discernible 
toward the forward end of the antheridium. In any case, migration of the 
antheridial contents into the oogonium is followed by the usual sequence of 
changes entailed in the development of an oospore. The oogonial contents 
which at the time of fertilization seem to consist mainly of small lumps (fig. 
5, K) shrink away from the spiny envelope to form a spherical body. This 
body reveals a rather coarsely lumpy texture throughout, and soon comes 
to be surrounded by a thin colorless membrane (fig. 5, L—N; fig. 6, B—E; fig. 
7, B—E). Under the colorless membrane a thicker yellowish layer is laid down. 
A single reserve globule originates in the center, and through gradual en- 
largement constrains the lumpy material into a parietal layer. Each proto- 
plasmie lump (fig. 6, K, a) becomes divided into a cluster of granules (fig. 6, 
K, b). The clusters slowly dissolve and merge with one another so that in the 
mature oospore the parietal layer has a granular texture of rather uniform 
consistency. Imbedded in the granular layer is a single globose refringent 
body which presumably represents the resting fusion nucleus (fig. 6, F-J; 
fig. 7, F—-H; I, e, d). 

In cultures prepared from maizemeal agar containing some finely divided 
maizemeal in suspension the fungus gives rise to sexual apparatus in great 
abundance and with very little evidence of degeneration. Its morphology as 
expressed in such cultures may therefore be considered fairly normal for 
the species. Accordingly maizemeal-agar cultures of customary firmness that 
had been grown at temperatures near 24° C. were used in preparing the 
relevant illustrations given herein, as well as in making the sets of 100 meas- 
urements from which were derived the pertinent metric data given in the 
diagnosis. The 100 oogonia, taken at random, gave values for diameter, 
expressed in the nearest integral number of microns, with the following dis- 
tribution : 17 p, 2; 18, 1;19 p, 1; 20,1; 22 p, 3; 23 p, 3; 24 yp, 8; 25 p, 10; 
26 pw, 28; 27 pw, 24; 28 pw, 7; 29 w, 10; 31 p, 1; 32 pw, 1; and the 100 oospores, all 
of correct internal structure, contained within these oogonia gave values for 
diameter distributed thus: 14 », 1; 15 yp, 1; 16», 1; 17 p, 2; 19, 1; 20 yp, 6; 
21 w, 14; 22 p, 24; 23 w, 23; 24, 18; 25 p, 6; 26 w, 2; 27 », 1. Oogonia that had 
developed in very soft agar or in water cultures often bore spines half again 
as long as those found in firm agar, and, besides, bore them in greater num- 
bers. Under environal conditions widely regarded with favor by students of 











Fie. 4. A, B. Cueumber fruits that after being inoculated with young mycelium of 
Pythium helicandrum were kept for 7 days in a covered dish at 17° C.; in a zone from 2 
to 4 mm. wide, immediately surrounding the 2 cucumbers, the background was left un- 
altered as it appeared in the photograph; beyond this zone ink was applied to obliterate 
extraneous features. C, D. Cucumber fruits that after being inoculated with young 
mycelium of Pythium helicandrum were kept in a covered dish for 11 days at a tempera- 


ture of 17° C. Approximately x 3/7. 
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the aquatic microflora the fungus as a rule has a more formidably bristling 
appearance than in cultures of the sort commonly employed among plant 
pathologists. 

Newly developed oospores in mature resting condition have shown no 
capacity for germination when transferred to distilled water. After maize- 
meal-agar plate cultures had been stored for 9 months at laboratory tempera- 
tures ranging from 20° to 35° C. germination ensued on a readily noticeable 
scale, though even then by far the larger number of oospores, no less than 95 
in every 100 individuals, remained inactive. Most of the germinating 0o0- 
spores would put forth a vegetative germ-hypha that soon gave off several 
main branches, each of which grew to the surface of the water layer and pro- 
duced there a closely branched floating hyphal system (fig. 8, A). Where 
many of these branching systems were formed close together they often 
appeared collectively as a lacy or filigree-like web several square millimeters 
in extent. Scattered individuals among the germinating 9 month-old oospores 
(fig. 8, B, a) gave rise to an unbranched germ-hypha (fig. 8, B, b) bearing 
terminally an elongated ellipsoidal sporangium (fig. 8, B, ¢; C). Sporangia 
of such origin were often found emptied of protoplasmic contents and then 
were provided with a well defined evacuation tube, which at the orifice fre- 
quently showed the membrane very slightly reflexed (fig. 8, C). In one ob- 
served instance, after the cap of dehiscence on the evacuation tube produced 
by a sporangium of germinative origin had failed to operate (fig. 8, B, ¢), a 
secondary germ hypha (fig. 8, B, d) was put forth a little below the cap and 
gave rise to a secondary sporangium (fig. 8, B, e) generally resembling its 
predecessor, but having smaller dimensions in its venter as well as in its 
evacuation tube. As might be expected, the sparsely scattered oospores that 
germinated by producing sporangia could provide only a meager display of 
actively swimming zoospores. These zoospores were of the grooved, laterally 
biciliate type familiar among species of Pythium and related genera. On 
coming to rest and rounding up they formed cysts approximately 12 » in 
diameter (fig. 8, D). 

Sporangia of the same citriform type as those resulting from germina- 
tion of oospores are often obtained in greater abundance by irrigating vigor- 
ous mycelium of the fungus. Such irrigation can be accomplished conveni- 
ently by cutting sizable slabs from young lima-bean-agar plate cultures and 
transferring them to a shallow layer of water in a Petri dish. At a tempera- 
ture of 11° C. a fringe of extramatrical filaments is soon extended from each 
slab into the surrounding water. After about 24 hours large citriform conidia 
(fig. 9, A-N) begin to be formed terminally on some of the longer filaments. 
Development of citriform conidia continues for several days. The distal por- 
tion of each supporting filament, which at first is filled with protoplasm (fig. 
9, A-D), later is found in an empty condition (fig. 9, E-N). When the my- 
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Fig. 5. Sexual reproductive apparatus of Pythium helicandrum produced in Petri 
plate cultures of firm maizemeal agar and drawn to a uniform magnification with the aid 
of a camera lucida; x 1000 throughout. A-—M. Single units of sexual apparatus, each 
originating from 2 neighboring mycelial hyphae, a and b, the former having supplied the 
female branch (except in D, where an intercalary oogonium should soon be formed) while 
the latter has supplied the male branch. N. Two neighboring mycelial hyphae, a and b, 
which together have put forth the paired sexual branches ¢ and d, as well as the paired 
sexual branches e and f; one of the 2 hyphae, a, having given rise to both female branches, 
ce and e, while its fellow, b, has given off both male branches, d and f. 
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celium has become partly exhausted, mesially interealary (fig. 9, O-Q) and 
laterally intercalary sporangia (fig. 9, R-X), usually of diminishing size, are 
formed on the shorter extramatrical hyphae as well as on hyphae permeat- 
ing and overlying the agar slabs. If the water in a preparation is renewed 
from time to time, production of interealary sporangia may continue for 
more than a week; so that in the end large numbers of asexual reproductive 
bodies are present. Some of the terminal sporangia bear distally a stout pro- 
longation resembling an evacuation tube, though a cap of dehiscence is 
usually lacking (fig. 9, M, N). Despite their obvious modification for dis- 
charge and the faultlessly normal appearance of their protoplasmic contents, 
the sporangia in my lima-bean-agar preparations have only in very small 
number given rise to zoospores. 

Owing to the meager production of zoospores in all of my irrigated ma- 
terial, the progress of sporangial discharge has so far not come directly under 
observation. However, since a well developed evacuation tube, surmounted by 
a conspicuous cap of dehiscence, seems here a regular feature of a correctly 
maturing sporangium there is ample reason to presume that with respect to 
manner of discharge and to zoospore development within a vesicle the fungus 
most probably maintains the parallelism with familiar species of Pythiwm 
that is manifest in the branching habit and rapid growth rate of its my- 
celium. As has been mentioned, the massive sturdiness of its oogonial spines 
bespeaks an intimate kinship with P. mastophorum, P, polymastum, and P. 
megalacanthum sensu Buisman. Typically citriform sporangia, it is true, 
have not been found usual in either P. mastophorum or P. polymastum, but 
the variously globose sporangia frequent in these two species would seem to 
correspond fairly well to the intercalary sporangia often formed abundantly 
by the sheep sorrel fungus. The development of citriform terminal sporangia 
offers close similarity, among spiny congeners, to P. anandrum and to the 
species described by Shanor (1938) under the binomial Phytophthora 
stellata. With respect to P. anandrum, at least, this similarity is sustained 
by resemblances in mycelial habit. An intimate relationship between the 
sheep sorrel fungus and P. anandrum seems possible, notwithstanding the 
parthenogenetic development of oospores in the latter, and the thin-walled 
character of its oogonial spines. The combination of features in the sheep 
sorrel fungus would appear in some measure to reconcile the wide differences 
observable between P. anandrum and the broadly spinose mastophorum 
series. In addition to resemblances offered by its terminal sporangia, 
Shanor’s fungus shows parallelism with the one from sheep sorrel roots, more 
especially in the frequent enwrapment of the basal portion of the spiny 
oogonium by a consistently single antheridium. The antheridium of P. 
stellata, however, is set forth as being of clavate shape, much wider than the 
supporting stalk. The stalk, too, differs from that of the sheep sorrel fungus 
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Fie. 6. A-—J, Units of sexual reproductive apparatus of Pythium helicandrum pro- 


duced in Petri plate cultures of firm maizemeal agar, each unit originating from 2 neigh- 
boring hyphae, a and b, whereof the former supplies the female branch or (in E and F) 
an interealary oogonium, while the latter supplies the male branch; drawn to a uniform 
magnification with the aid of a camera lucida; x 1000. K. Structure of oospore proto- 
plast at 2 different stages: a, surface appearance in immature stage, showing arrange- 
ment of largish, somewhat angular lumps; b, surface appearance in later stage, showing 
the lumps becoming resolved into granules of smaller size; approximately x 2250. 
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in arising most often from the oogonial branch only a short distance below 
the oogonium, and apparently also in failing to entwine the oogonial stalk to 
any considerable extent. Judging from measurements given by Shanor, 15.5 
to 22.4 for oogonial diameter and 13.8 to 17.2 » for diameter of oospore, 
P. stellata is very appreciably smaller than the sheep sorrel fungus, and, of 
course, much smaller than P. mastophorum, P. polymastum, or P. megala- 
canthum sensu Buisman. 

When the sheep sorrel fungus is grown in dual culture with Pythium 
ulttmum (Trow 1901) P. debaryanum, and other familiar congenerie species 
it shows no specially antagonistic behavior. Like these familiar species, and 
also like the 3 intimately related broadly spinose forms of the mastophorum 
series, it is attacked by members of the echinulate series having finely 
branched mycelium. Thus, when planted in Petri plate cultures in opposition 
to P. oligandrum the growth of its mycelium is halted abruptly at the line of 
encounter, and its hyphae (fig. 1, A-D: a) are enveloped by delicate ramifica- 
tions from neighboring oligandrum filaments (fig. 1, A-D: b). Many of the 
enveloped hyphae soon show extensive vacuoles (fig. 1, C) and later are to 
be found almost wholly empty of living protoplasm (fig. 1, D). Likewise 
when the fungus is grown in opposition to P. acanthicum, advance of its my- 
celium is arrested along the zone of encounter as its individual hyphae (fig. 1, 
E-H: a) become enwrapped by branches extended from acanthicum fila- 
ments (fig. 1, E-H: b), with attendant vacuolization of their contents (fig. 1, 
G, H). Moreover, like other species of Pythiwm, including the delicately 
ramifying echinulate species, the fungus suffers injury from antagonism of 
root-rotting members of the Saprolegniaceae. In dual culture with my 
Plectospira myriandra (Drechsler 1927), for example, its growth is stopped 
at the zone of encounter; the hyphae along its forefront (fig. 2, A—C: a) 
promptly being enfolded for variable distances by irregularly ramifying 
branches of the water mold (fig. 2, A-C: b). The enfolded hyphae are often 
invaded here and there, but even where invasion does not occur their proto- 
plasmic contents undergo extensive degeneration. 

A term having reference to the remarkable spiral arrangement of its 
antheridium is deemed appropriate as specific epithet for the fungus. 

Pythium helicandrum sp. nov. Mycelium hyalinum, ramosum, in hyphis 
2-8 » latis consistens. Zoosporangiis incoloratis, plerumque 25-80 » longis, 
25-55 p latis, saepissime terminalibus denique vulgo elongato-ellipsoideis vel 
citriformibus, sed quandoque intercalaribus denique vulgo sphaeroideis vel 
ellipsoideis, in maturitate tubulo exaninitionis 10-60 » longo 4.5-8 » crasso 
praeditis ; zoosporis primo reniformibus, a latere biciliatis, mox quietis, tum 
12 » in diametro. Oogoniis incoloratis, valde echinatis, prominentiis conicis 
subspiniformibus praeditis, sine aculeis plérumque 17-32 » (saepe cirea 26 ») 
latis, interdum in hypha mycelii ordinaria vulgo 3—6 » crassa interealaribus 
sed saepissimi in apice rami praecipui oriundis; ramo praecipuo nune recto 
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Fie. 7. Units of sexual reproductive apparatus of Pythium helicandrum, A-I, pro- 
duced in Petri plate cultures of firm maizemeal agar, each unit originating from 2 neigh- 
boring mycelial hyphae, a and b, whereof the former supplies the female branch or (in E) 
an interealary oogonium, while the latter supplies the male branch; in one of the units, I, 


two pairs of sexual branches were given off, and 2 oogonia, ¢ and d, each with an oospore 
in mature resting condition, were produced. 


Drawn to a uniform magnification with the 
aid of a camera lucida; x 1000 throughout. 
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vel parum curvato, nune semel vel bis cireum ramum marem spiraliter 
interdum ad modum ecaulis Phaseoli vulgaris interdum ad modum ecaulis 
Humuli lupuli convoluto, 6-45, longo, basi saepe tantum 2-3, ecrasso, 
sursum latescente, apice vulgo 4.5-9 » lato; aculeis oogonii vulgo 2.4—5.3 p 
(saepe circa 3.7 ») longis et basi 2-4» (saepe cirea 2.8 ») latis, sed in aqua 
vel materia aquatica molli saepe angustioribus et 5—8 » longis, membrana 
eorum cirea 1 » crassa. Antheridiis semper singulatim ortis, semper in apice 
rami maris oriundis, plerumque vermiformibus sed interdum paucis tuber- 
culis praeditis, 25-45» longis, 4-7 » latis, quadoque oogonium terminale 
oblique vel in longitudinem complectentibus, quadoque circum hypham 
nycelli oogonium interealare juxta semel vel bis spiraliter se convolventibus, 
saepissime basim oogonii terminalis semel cochleatim cireumdantibus; ramo 
mari semper ex alia hypha myeelii atque oogonio vel ramo oogoniophoro 
oriundo, sine antheridio plerumque 10—50 » longo, basi 2—4 » erasso, saepe 
sursum latescente, apice 3—-5.5 ecrasso, interdum parum sinuoso, saepius 
hypham oogoniophoram vel ramum oogoniophorum semel vel bis vel ter 
spiraliter interdum ad modum eaulis Phaseoli vulgaris interdum ad modum 
eaulis Humuli lupuli cireumplicante. Oosporis sphaeralibus, laevibus, vulgo 
15-27 »w (saepe circa 22.3 1) in diametro, membrana flavida 1.2—2 »p (saepe 
circa 1.6 ~) crassa tectis, unam pilulam oleosam 7—14 » (saepe cirea 11.2 ») 
crassam et unum corpusculum nitidum globosum 3.2—5 » (saepe cirea 4.1 p») 
crassium continentibus. 

Habitat in radicibus Rumicis acetosellae putrescentibus prope Beltsville, 
Maryland. 

Intramatrical mycelium on transparent agar media usually .of some- 
what radiating appearance, capable of approximately 27 mm. radial extension 
in 24 hours at 24° C., composed of hyphae mostly 2 to 8 » wide, the more 
delicate ramifications usually developed only in moderate quantity, the 
hyphae in contact with solid objects often forming curved appressoria 25 to 
125 » long and 6 to 11 » in greatest width; aerial mycelium formed sparingly 
or in moderate quantity. 

Sporangia colorless, under aquatic conditions often produced terminally 
on long, simple or sparingly branched extramatrical hyphae and then mostly 
elongated ellipsoidal or lemon-shaped, but frequently, too, especially in 
aging material, formed in mesially or laterally intercalary positions, and 
then mostly prolate ellipsoidal or subspherical or oblate ellipsoidal ; measur- 
ing 25 to 80 in length and 25 to 55, in greatest width; at maturity fur- 
nished usually at the distal end with an evacuation tube 10 to 60 » long and 
4.5 to 8 wide. Zoospores kidney-shaped, laterally biciliate, after a period 
of motility coming to rest and rounding up into cysts about 12 » in diameter. 

Oogonia colorless, sometimes formed in interealary positions in mycelial 
filaments mostly 3 to 6 » wide, but much more often formed terminally on 
special branches, yet in either case boldly spiny and commonly measuring 17 
to 321 (average 26) in diameter exclusive of the spiny protuberances ; 
these protuberances 2.4 to 5.3 » (average 3.7 ») long and 2 to 4 (average 
2.8 » wide at the base, though in water or soft watery ambient often some- 
what more slender and from 5 to 8 » long, wherever well developed having a 
wall about 1 » thick; the special female branch below the oogonium (?.e., the 
oogonial stalk) usually 6 to 45 » long, proximally often 2 to 3 » wide, distally 
4.5 to 9 » wide, sometimes straight or only slightly curved, but more often 
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Fig, 8. Germination of oospores of Pythium helicandrum taken from a maizemeal- 
agar plate culture. A. Oospore giving rise to several intricately branched hyphal systems 
on the surface of a shallow layer of water; only one of the hyphal systems is shown. 
B. Oospore, a, with a germ hypha, b, whereon is borne a sporangium, ¢, furnished distally 
with an evacuation tube surmounted by a cap of dehiscence; when the cap failed to open 
the evacuation tube grew out into a hypha, d, whereon is borne a secondary sporangium, e, 
provided with a distal evacuation tube and cap of dehiscence. C. Empty envelope of a 
germ sporangium that discharged its contents in normal manner. D. Encysted zoospore. 
All parts drawn with the aid of a camera lucida; x 1000 throughout. 
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entwining the male branch in 1 to 2 spiral turns of right-handed or left- 
handed rotation. 

Antheridia always single, always produced terminally on a special male 
branch ; commonly elongated cylindrical or worm-shaped, though sometimes 
bearing a few lateral dome-shaped protuberances which usually are directed 
toward the distal side of the oogonium ; mostly measuring 25 to 45 » in length 
and 4 to 7 » in width; sometimes extending lengthwise or obliquely over the 
oogonium, at other times enveloping a hyphal portion adjacent to an inter- 
ealary oogonium in 1 to 2 helical turns, but most often wound spirally about 
the base of a terminal oogonium in a single turn. The male branch regularly 
coming from a position close either to the origin of a female branch or to the 
prospective place of origin of an intercalary oogonium, though in either case 
arising from a hypha having no close mycelial connection with the one bear- 
ing the female branch or the intercalary oogonium ; the portion of the male 
branch below the antheridium (?.e., the antheridial stalk) commonly 10 to 
50 p» long, 2 to 4 » wide proximally, 3 to 5.5 » wide distally, sometimes wound 
spirally once or twice about a portion of hypha adjacent to an intercalary 
oogonium, but more often entwining the stalk of a terminal oogonium in 1 to 
3 or even 34 helical turns of right-handed or left-handed rotation. 

Oospores spherical, smooth, mostly 15 to 27 (average 22.3) in di- 
ameter, enveloped by a wall 1.2 to 2 » (average 1.6 ») thick that consists of a 
thin colorless cuter layer and a thicker yellowish inner layer, at maturity 
containing a parietal granular layer which surrounds a central reserve glob- 
ule 7 to 14 (average 11.2 ») in diameter and has imbedded in it a single 
globose refringent body 3.2 to 5 » (average 4.1 ») in diameter. 


Occurring in darkened decaying roots of Rumex acetosella near Belts- 
ville, Maryland. 
PLANT INDUSTRY STATION, 
BELTSVILLE, MARYLAND 
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Fie. 9. Sporangia of Pythiwm helicandrum produced at 11° C. on sparingly irri- 
gated slabs excised from a lima-bean-agar plate culture. A-—N. Terminal sporangia 
formed early on long extramatrical hyphae. O-—-Q. Mesially intercalary sporangia pro 
duced later. R-—X. Laterally interealary sporangia also of later origin. All parts drawn 
to a uniform magnification with the aid of a camera lucida; « 500 throughout. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF THE 
ANATOMY OF BOTRYOPTERIS' 


Sererus H. Mamay AND Henry N. ANDREWS, JR. 


In the past few decades the Carboniferous rocks of Europe have yielded 
an abundance of pteridophytic remains which are included in the Coenop- 
teridales. In many cases these fossils consist of fragmentary stems, petioles 
and fructifications, but in several instances sufficiently well-preserved mate- 
rial has been available to allow restorations of at least representative por- 
tions of the plants. The Coenopterid ‘‘ferns’’ are now turning up in Amer- 
ican coal balls and these promise to materially advance our knowledge of the 
group. 

The importance of these plants can hardly be over-emphasized in view of 
their many primitive characters and the likelihood that they constitute a 
central plexus from which more recent fern families have evolved. Although 
it does not seem possible to precisely delimit the Coenopteridales, their most 
distinctive characters seem to be the protostelic or nearly protostelic nature 
of the stems, the three-dimensional branching of the fronds, and the termi- 
nally borne sporangia. The group as a whole seems to represent an inter- 
mediate stage between the psilophytalean plants of the late Silurian and 
Devonian and the more recent fern families, such as the Osmundaceae and 
Schizaeaceae, which had their origin in Carboniferous times. Furthermore, 
it is not too far amiss to look for the origin of the pteridosperms among the 
earlier members of the Coenopterid complex. 

The Coenopterids also present the possibility of understanding more 
clearly, if not actually solving, certain fundamental morphological problems 
bearing on the evolution of the frond and the relative position of the spore 
bearing organs in the groups mentioned above. The structure that we refer 
to as a frond in coenopterid ferns such as Stauropteris and Botryopteris, 
necessitates a very liberal usage of that term when the organ is compared 
with the frond of a modern fern. The evidence from the coenopterids, as is 
now rather well known, strongly suggests that the filicalean frond, as well 
as that of the pteridosperms and their derivatives, has evolved from a three- 
dimensional shoot system. In certain respects the anatomical details which 
we have been able to work out add appreciably to our understanding of 
this supposed foliar evolution. 


1A study aided by a grant from the American Philosophical Society. 
John Simon Guggenheim Fellow, Cambridge University, 1950-51. 
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Those who are not familiar with the Coenopteridales may question the 
application of the word fern. Yet it seems safe to predict that as our knowl- 
edge of the coenopterids and the early members of the older filicalean fam- 
ilies expands any sharp division between those two groups will gradually 
disappear. 

The genus Botryopteris was founded by Renault in 1875. Later, signifi- 
cant contributions were made by Williamson and Scott, and in more recent 
years it has been described from the American coal fields by Graham, Dar- 
rah, and others. Since Corsin (1937) has given a detailed bibliography of 
Botryopteris it does not seem necessary to repeat it here. In most of the 
thirteen species the stem structure has been described and it is best known 
in Botryopteris forensis, B. antiqua and B. cylindrica. However, even in 
these cases relatively little is known of the general habit of the plant. 


Botryopteris trisecta, Mamay and Andrews, sp. nov. 


Botryopteris trisecta is based upon a coal ball collected from the Calhoun 
horizon in southern Illinois. Plants from this horizon have been previously 
described by Schopf (1948) and in an earlier contribution (1941) he has dis- 
cussed its stratigraphical position. It occurred in an abundant mass of coal 
balls which had weathered out of a coal seam exposed by a stream cut through 


a hillside on the Brian farm approximately six miles south of Sumner, 
Illinois. 

The specimen is a small coal ball 15 em. long and 8 em. in diameter and 
contains very little other than Botryopteris stems and fronds. Upon making 
the initial two or three cuts it was evident that the stems ran for some distance 
through the petrifaction. It was cut as shown in text figure 1 and the respec- 
tive slices were used in preparing several series of transverse sections. It will 
be convenient occasionally to refer directly to peel preparations taken from 
the various blocks. Each of the latter bears a letter and the peels are re- 
corded as coming from either the top (T) or bottom (B) surface. Thus, to 
cite an example at random, peel G-T38 indicates that this is the 38th peel 
prepared from the top surface of block G. 

Although we did not aim at the accumulation of as many peels as possible, 
it soon became evident that unless these were made close together one could 
not follow the rapidly branching complex of closely departing petiole 
strands from the stele of the stem. Our sectioning method involved the prep- 
aration of approximately five peels per millimeter. While the number 
might have been reduced slightly it would not have been possible to follow 
the course of the vascular system if the sections had been taken much farther 
apart. As evidence bearing on this, it may be noted that the internodes are 
approximately 6 mm. long, and within 3 mm. of its departure the primary 
petiole strand divides twice. 





464 BULLETIN OF THE TORREY BOTANICAL CLUB [ Vor, 


Although the specimen contains a number of stem fragments and numer- 
ous frond branches of various orders the description of the general habit of 
the plant is based upon one stem which we have been able to follow through 
a distance of 3 em., including the departure of five petioles. Certain of the 
fronds, or rather their basal portions, have been followed to the fourth order 
of branching, and the pattern is essentially uniform in all five. 

[It will be evident that the usual terms applied to fern and fern-like 
plants are not always readily applicable to Botryopteris and it will be neces- 


T B 


Fig. 1. A profile view of coal ball No. WCB684. The letters E-J indicate the respec- 
tive blocks into which the coal ball was cut and the number of original thickness in mm. 
The Letters B and T indicate the bottom and top surfaces, respectively, from which peels 
were prepared, 
sary at certain points to be somewhat verbose in describing the vascular 
system. Where the word stele is used, unqualified, it will refer strictly to the 
stem, and the term petiole will be applied to the initial or primary branches 
departing from the stem stele. 

GENERAL ORGANIZATION OF THE VASCULAR SYSTEM. 
A detailed description will be given of the various aspects of the cellular 
organization of the plant ; however, it seems essential to present first a brief 
description of the gross morphology of the vascular system. 


We have presented in figures 1-4 and 11-14 a representative series of 


transverse sections showing the structure of the stem and the basal portion 





1950 


of 1 
whi 


tha’ 
the 
som 
inn 
and 


sery 


sect 
pre 
poi 
alth 
bas: 


3 it 
app 
figu 
lars 
of a 
it la 
is SI 


120 
2). 

first 
give 
the 

twe 
dep 
stra 
othe 


rem 
Bot 
seel 
vel 
The 
up | 


that 





rh 
he 
er 


ke 


4S - 


pec- 
mm, 
eels 


ilar 
the 
hes 


DM. 
ilar 
rief 


S of 


tion 








1950] MAMAY AND ANDREWS: BOTRYOPTERIS 465 
of the frond. It will be helpful also to refer frequently to text figures 2-4, 
which present a restoration of this vascular system. 

In figure 1 the stem is shown in transverse section and it will be noted 
that it consists of four conspicuous tissue systems. Starting from the outside 
there is a broad parenchymatous cortex ; within this there is a dark band of 
somewhat thicker walled semi-sclerotic cells; next there appears a narrow, 
inner parenchymatous cortex which is rather poorly preserved in most cases ; 
and located centrally is the protostele of which only the xylem is well pre- 
served. 

In figure 1 it will be noted that the protostele, essentially circular in cross 
sectional outline in a typical inter-nodal section, is here somewhat elongated 
preparatory to the departure of a stelar segment. For reasons which will be 
pointed out shortly it does not seem quite accurate to refer to this as a trace 
although it, or at least a part of it, becomes such in its course through the 
basal portion of the petiole. 

In figure 2 the departing segment is beginning to pinch off and in figure 
3 it has actually departed. The vertical distance between figures 1 and 3 is 
approximately 1 mm. Two features of the vascular system, as it appears in 
figure 3, seem particularly significant: the departing segment is somewhat 
larger than the stele itself and in no way presents the characteristic form 
of a Botryopteris petiole as defined in previous accounts, although a part of 
it later assumes such a form. The tangentially elongated shape of the segment 
is suggestive, at this point, of its subsequent divisions. 

In figure 12 the departure of a second foliar segment, approximately 
120° counterclockwise from that described above, is in evidence (text figure 
2). The following description will, however, consider only the course of the 
first foliar segment. In figure 4 it will be noted that the foliar segment has 
given off one branch toward the left and a second is about to depart toward 
the right. These branching strands are not exactly opposite, the angle be- 
tween them being about 135°. Furthermore, the relative vertical position of 
departure of these strands which will be referred to as primary pinna 
strands, is typically shown here. That is, one always slightly precedes the 
other. 

[t is not until the departure of the second primary pinna strand that the 
remaining central one begins to assume the characteristic form of the 
Botryopteris petiole. The initial development of the arms of the trace may be 
seen in figure 11, is more conspicuous in figure 12, and appears fully de- 
veloped in figure 13. No further change has been noted in this central strand. 
There is no reason to believe that it does not give rise to pinna traces higher 
up but we have not observed the departure of any such subdivisions. 

Returning to the primary pinna traces, it may be observed in figure 12 
that the one at the left (Pl), with its enclosing cortical tissue, is now nearly 
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separate from the central strand and at this position both Pl and P2 present 
no features in common with the characteristic W-form of the Botryopteris 
trace. They are, rather, much more closely comparable with the stele of the 
stem. 

Both of these pinna traces now divide into three parts, in a plane at 
right angles to the previous plane of division. Corresponding with the 
slightly earlier departure of PI its division precedes that of P2 and the 
division of one appears as the mirror image of the other. Of the three strands 
resulting from the trisection (figs. 13, 14), the proximal one (P2A) is notice- 
ably larger than either the central one (P2B) or the distal one (P2C). In 
order to maintain nearly uniform magnifications throughout this series of 
illustrations only the branching in P2 is shown in figure 14. It may be ob- 
served at this point that the central strand (P2B) is beginning to assume the 
W-form of the primary trace (P), while the proximal strand (P2A) is not 
only much larger but presents a form that is virtually identical with that of 
the stem stele aside from a slight difference in size. The distal strand (P2C) 
next dichotomizes or trichotomizes, and in the latter instance one of the 
divisions tends to resemble the characteristic W-form while the others pre- 
sent the form of a minute stele. 


HISTOLOGICAL TREATMENT OF THE PLANT. In addition to 
supplying us with the anatomical and morphological information presented 
in the foregoing pages, this specimen is sufficiently well preserved so that a 
detailed histological study is possible. The following pages will be devoted 
to as detailed a description of the tissues of the p!ant as the preservation 
allows; they will be discussed separately for each of the various organs, be- 
ginning with the stem proper. In order to avoid unnecessary repetition, his- 
tological descriptions of petiolar segments and their subsequent divisions 
will be limited to the manner, if any, in which the tissues of the smaller 
ramifications differ from the comparable tissues of the main axis. 


THE STEM. 


General Aspect. In a typical internodal section the stem appears essen- 
tially circular in outline, with a relatively small terete protostele and a wide 
cortex. The specimen shown in figure 1 is approximately 7.2 mm. at its 
greatest diameter. Although the stem may show a slight increase in diameter 
at points of emission of foliar strands, it displays a maximum diameter of 
about one centimeter. Proceeding from the outer surface inward the several 
tissues composing the stem are: a thin epidermis with sparse multicellular 
hairs; a rather broad and usually well preserved outer cortical region; a 
narrow zone of sclerotic-secretory tissue, the cells of which contain a very 
dense, black substance; a thin, poorly preserved phloem region; and the 
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xylem strand. In the section shown in figure 1, the outer cortex averages 
about 1.2 mm. in thickness, the secretory layer and inner cortex approxi- 
mately .6 mm. each in thickness, and the xylem strand, somewhat elongate 
and in the first step of initiation of a foliar segment, measures about 1.7 x 2.0 
mm. The stele, when measured in its most nearly terete form, at a point 
immediately above the departure of the foliar strand, averages from 1.3 to 
1.5 mm. in diameter. 


The Epidermis. The epidermis consists of a single layer of thin-walled 
cells nearly isodiametric, and measuring from 35 to 50 » along one side. In 
some instances fragmentary remains of a thin cuticle are present. 

The single distinctive feature of the epidermis is the presence of rather 
sparsely borne, unbranched multicellular hairs. Although most frequently 
seen in transverse section, figures 8 and 9 illustrate a group in longitudinal 
aspect. The hairs are rather densely spaced in this case, the intervals between 
them ranging from 70 » to 150 ». The basal diameters average about 75 p, and 
each hair arises from a group of several epidermal cells. Figure 7 illustrates 
the proximal portion of a hair in longitudinal section, the basal-most portion 
consisting of two small cells continuous with the epidermal layer. There 
seems to be no appreciable tapering of the hairs, the ends being rather blunt ; 
the length of the component cells increases, however, toward the apex. The 
hairs range up to 900 in length, with five or six cells each. We have seen 
no evidence of the ‘‘equisetiform’’ structures as described by Renault and 
other authors. Stomata have not been observed in the epidermis. 


The Outer Cortex. The cortical cells are thin-walled and elongate in 
the direction parallel to the axis of the stem. During or prior to fossilization, 
the cell walls became separate from each other (probably due to the disinte- 
gration of the middle lamallae), giving an impression of additional thick- 
ness. In transverse section the cells are irregularly angular, and vary from 
45 » to 90 » in diameter. The cells are smaller near the epidermis and there 
is a gradual increase in size toward the sclerotic-secretory zone. In longitudi- 
nal section the cells, which range in length from 200 to 300 yw, are seen to 
have predominantly oblique end walls. Although there are no recognizable 
contents, the presence of a dense black amorphous substance in some suggests 
that the outer cortex was, at least in part, secretory (fig. 1). 


The Sclerotic-secretory Tissue. This is the most conspicuous tissue of 
the stem, appearing as a black, sharply defined ring between the inner and 
outer cortices, and it attains a maximum thickness of a little more than, one 
millimeter. This tissue follows closely the contours of the xylem strand, a 


feature of some convenience, for by a casual inspection of any peel one can 
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readily determine whether or not the xylem strand is in the process of 
division. 

Although the cell walls of this tissue are noticeably thicker than those of 
the outer cortex it is chiefly the contents which lend the characteristic black 
eolor. The contents are variable in form, appearing as filamentous or fibroid 
masses in some, and as series of concentric layers in others. The degree to 
which the cells are filled with this substance differs, but in most of them it is 
so abundant as to make a distinetion between wall and contents quite difficult. 
The cells are of the same shape and orientation as those of the outer cortex, 
their diameters ranging from 50 to 70 », and their lengths up to 300 up. 


The Inner Cortex. This tissue generally has the same width as the band 
of selerotic-secretory tissue. Although less well preserved it has been deter- 
mined that the cells are of the same shape and orientation as those of the 
outer cortex, although somewhat smaller (diameters averaging approxi- 
mately 30 4, and lengths from 150 to 200). Seattered secretory cells are 
present, although not abundant. 


The Endodermis. This is too poorly preserved to allow detailed cellular 
observations, but under low magnification is appears as a thin black band 
between the inner cortex and phloem zone (fig. 1). Like the sclerotic-secre- 
tory layer, the endodermis also follows the contours of the xylem strand very 
closely. 


The Phloem. This tissue comprises a thin poorly preserved band not 
greater than 200 » in width, between the endodermis and xylem. 


The Xylem. The xylem (figs. 1, 14) is a protostelic terete strand measur- 
ing about 1.7 mm. in diameter. The tracheids range in size from 8 or 10 p» in 
diameter for the peripheral ones to nearly 200 » in diameter for the largest 
ones situated near the center of the strand. No definite protoxylem ‘‘poles’’ 
are distinguishable, but judging from tracheidal diameters, the xylem is ex- 
arch. The smallest elements are scattered irregularly at the periphery, some- 
times with a single larger tracheid situated in a position slightly centrifu- 
gally to the small ones. Thus, although the position of the protoxylem ele- 
ments is not as easily ascertained as in related species, the development is 
clearly exarch, as contrasted to B. mucilaginosa in which it is centrarch. 

Secondary thickening of the tracheid walls ranges from annular in the 
smallest tracheids, to multiseriate-reticulate in the largest. In longitudinal 
sections, the small annular tracheids always occupy an outermost position. 
In peels taken from deeply etched surfaces of somewhat obliquely transverse 
sections through the metaxylem, the pits are seen to cover the entire tra- 
cheidal walls; in longitudinal sections they appear in quite regular, closely 


erowded longitudinal rows, as many as six or seven rows being present in 
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the larger cells. The pits are small and oblong, measuring about 3 x 7 » (fig. 
15), the elongation transverse to the axis of the tracheid, and the band of 
secondary thickening separating adjacent pits measuring about 3 » in thick- 
ness. No evidence of bordering has been observed. 

It is of interest to mention at this point that well preserved mycelia have 
been observed within cells of the cortex. One such cell, with its mycelial 
content, is illustrated in figure 6. 


THE PETIOLE (refer to text figures 2 and 3 in the following deserip- 
tion). 

Gross Aspect. The petiole, taken at a point just above the emission of the 
pinna traces (fig. 13), differs from the stem in the following ways: 1. It has 
a slightly smaller diameter. 2. The xylem strand has the characteristic 
botryopterid W-shape, with the arms pointing adaxially and including be- 
tween them groups of cells very similar to those of the sclerotic-secretory 
tissue described above. 3. The cortical band of sclerotic-secretory tissue is 
sometimes absent in this organ. 


General Description. The tissues of this organ are sufficiently similar to 
those of the main axis so that the more minute details may be omitted. 

In the specimen illustrated (figs. 3, 4, 11-14) the sclerotic-secretory 
sheath becomes constricted simultaneously with the pinching off of the 
petiolar strand and is found as two separate sheaths, one surrounding the 
parent stele and one the petiolar strand, at a point about 3 mm. above the 
xylary division. The complete separation of the cortices of the two organs 
entails a further distance of about 3 mm.; at this point, however, the cortex 
of the petiole still contains the two primary pinna traces that have departed 
from the petiolar trace. The pinna strands become completely separated 
from the petiole within the next millimeter or so. Thus, the distance from 
the point of the first xylary division to where the petiole is a separate unit 
is some 7 mm. At this point (fig. 13) it may be noticed that the sclerotic- 
secretory layer has completely disappeared from the petiole and the cortex 
is more or less homogeneous. In some detached petioles, however, the cortical 
sclerotic-secretory layer is present. 

The petiolar strand, when first separated from the axial bundle (fig. 3), 
is nearly twice the size of the latter, and tangentially elongated in transverse 
section. Here the petiolar trace measures 1.4 x 2.2 mm., while the stele has 
reassumed its original terete form and measures about 1.5 mm. in diameter. 
At a level about 3 mm. higher (G-T38), the petiolar trace has given off two 
primary pinna traces and has assumed a terete shape, measuring .9 mm. in 
diameter. At this point the petiolar trace, although it has undergone as many 
subdivisions as we have observed in B. trisecta, has not yet assumed the 
characteristic botryopterid W-shape. It is, in fact, identical with the stele 
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TEXT FIGURE 2. A reconstruction of the vascular skeleton of a portion (four nodes) 
of Botryopteris trisecta as seen from above. All the organs are represented as having been 
sectioned in the same plane in order to facilitate visualization of the depth relationships 
involved. P1, the first or lowermost petiolar segment. It has trisected to form the petiolar 
trace (p) and two primary pinna traces (pp). The primary pinna traces have trisected 
to form distal secondary pinnae traces (dsp), median secondary pinna traces (msp) and 
proximal secondary pinna traces (psp). The distal secondary pinna traces have divided, 
resulting in tertiary pinna traces (tp). The proximal secondary pinna trace at the right 
has dichotomized, one branch in turn dichotomizing and producing adventitious roots (r). 
P2, the second petiolar segment. This has undergone only the primary division. The 
petiolar trace (p) is in the first stage of the primary trisection. P3, the third petiolar 
segment. Here the first indication of its primary division is evident. P4, the fourth petiolar 
segment, not yet separated from the cauline stele. S, the cauline stele. 
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TEXT FIGURE 3. A reconstruction of the vascular tract of a single petiolar complex as 
seen in side view. This corresponds to P1 of text figure 1. S, cauline stele; P, undivided 
petiolar segment; p, petiolar trace, showing the gradual transition from a terete strand 
to one with the tridentate form; pp, primary pinna traces, each of which undergoes tri- 
section ; dsp, distal secondary pinna traces, both of which have divided; tp, tertiary pinna 
traces; msp, median secondary pinna traces, both of which have assumed the tridentate 
form; psp, proximal secondary pinna traces, as yet undivided; r, adventitious root. 





BULLETIN OF THE TORREY BOTANICAL CLUB 


Text FIGURE 4. A reconstruction of the vascular tract of a single pinna complex, as 
seen in side view. The unshaded (reproductive) portion which is detached by dotted lines 
is hypothetical, pp, primary pinna trace; dsp, distal secondary pinna trace, which has 
divided to form three tertiary pinna traces (tp); msp, median secondary pinna trace; 
psp, proximal pinna trace, which has undergone repeated divisions, one branch of each 
division dichotomizing and assuming a somewhat pendant position. 
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in all respects but size, and might be taken for a small stem if found as an 
isolated fragment. 

The first indication that the petiolar trace is destined to assume the 
W-shape is shown in figure 11, where one arm, consisting of a few small 
tracheids, is being formed on the left side of the bundle, and slightly higher 
(G-T30) a comparable structure appears on the opposite side. Gradually 
these lateral arms become more distinct with the median one, however, re- 
maining relatively wide. The points of the arms are pointed toward the main 
axis, and no indication that they vary from this orientation has been ob- 
served. This transition in the petiolar trace has taken place in a vertical 
distance of approximately 4 mm. As mentioned previously, the cortical 
sclerotic-secretory layer has disappeared from this particular specimen ; the 
endodermis and phloem regions are evident, however, as thin concentric 
bands surrounding the xylem. 

A somewhat better preserved petiole is represented in figure 5. This trace 
is slightly smaller than the one described above, but the component tissues are 
more distinct. The protoxylem consists of a few small tracheids lying at the 
tips of the lateral arms and extending adaxially for some distance along 
their outer edges. Although not distinguishable in this particular specimen, 
protoxylem tracheids have also been noted at the tip of the median xylem 
arm (fig. 23); they are never so numerous, however, as to form distinct 
flanges on the tip of the median arm, as found in B. forensis. The remaining 
elements of the petiolar trace are relatively large metaxylem tracheids pre- 
dominantly of the multiseriate-reticulate type. 

This specimen (fig. 23) is also of interest in that it clearly illustrates 
another important diagnostic feature of the petiole, namely, the presence of 
a sclerotic-secretory tissue very similar to that of the cortex of the stem, 
occupying the areas between the xylem arms but not extending beyond their 
tips. The cells of this tissue compare very closely with those of the sclerotic- 
secretory tissue of the stem, although the contents do not seem to be quite as 
dense as in the latter and their length is greater. 

In no case have we observed a petiole to give off appendages beyond the 
first pair of pinnae which depart near its base. 


THE PRIMARY AND SECONDARY PINNAE (refer to text fig- 
ure 4). 

Gross Aspect. The primary pinnae (i.e., the two lateral organs produced 
by the trisection of the original foliar segment) consist of nearly terete 
vascular strands closely approximating the petiolar trace in size. These pri- 
mary pinnae in turn undergo trisection (figs. 13, 14) soon after their emis- 
sion from the petiole and produce secondary pinnae which fall into three 
distinct types (fig. 14): 1. A distal pinna (P2C) containing a small terete 
strand which has not been noted to assume the W-shape. 2. A median pinna 
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(P2B) which is nearly an exact replica of the petiole with the exception of 
its smaller size. 3. A proximal pinna (P2A), the xylem strand of which 
closely resembles the stele although it is slightly smaller. (In one case, de- 
scribed below, this organ has been observed to assume the W-shape. ) 


General Description. The tangential elongation of the petiolar segment 
(fig. 3) is indieative of the divisions soon to follow. It next becomes con- 
stricted, pinching off about one-third of its bulk to the left (fig. 4). The 
resultant primary pinna strand (fig. 12) presents a terete form about .9 


mm. in diameter. Emission of the second pinna trace appears at a level 
slightly more than 1 mm. above the separation of the first. This strand is 
pinched off to the right at an angle of about 135° from the first and appears 
completely separate in figure 11. It is terete and slightly smaller than its 
predecessor, measuring only .6 mm. in diameter, with the smallest xylem 
elements in a peripheral position. 

In figure 12 the first indication of the next division of the first pinna 
trace (P1) is evident. The strand is slightly elongated in a plane at right 
angles to the plane of division of the primary foliar strand. Three peels 
higher (G-T23) it attains a size notably larger than that of the petiolar 
strand, and is divided into two approximately equal parts. In peel G-T22 
the distal bundle undergoes a further division, resulting in three strands 
(fig. 13), although the proximal bundle remains the largest of the three 
and displays a terete, stele-like form. A corresponding trisection of the 
second pinna strand (P2) follows at a slightly higher level (figs. 13, 14). 

In the lower part of figure 13 another foliar trace (PE2) is departing 
from the stele and will follow the same pattern described above. 

In the trisection of the pinna traces it will be noted that the proximal 
segments (figs. 13, 14) are relatively large (about 1.2 mm. in diameter) and 
differ from the stem stele only in that they are slightly smaller. The median 
segments assume the botryopterid W-form with the xylem arms directed 
toward the parent petiole. The distal segments retain thus far the terete 
form (fig. 14). 

We may now pass to a consideration of the changes that occur in the 
three divisions of a primary pinna, and these will be referred to respectively 
as the distal secondary pinna, the median secondary pinna, and the proximal 
secondary pinna. 


THE DISTAL SECONDARY PINNA. Since it is not possible to fol- 
low, to the ultimate divisions, the ‘‘fronds’’ of the specimen described above, 
much of the following information is derived from other fragments of the 
Botryopteris in the same coal ball. Only those parts are considered in which 
we are reasonably certain of the order of branching that is believed to be 
represented. 
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Four cases of division of the distal secondary pinna have been observed. 
In two of these a dichotomy was observed and in two others a trisection took 
place. These are considered separately as follows: 

Dichotomy is displayed in the distal secondary pinna of the first pinna 
complex described above (fig. 13-P1). The division is seen to begin in peel 
G-T12 and is complete slightly more than 1 mm. higher (fig. 17). Two small 
terete bundles result, each about .25 mm. in diameter, and are enclosed in 
a cortex approximately 4 mm. in diameter. The division has occurred at 
right angles to the plane of the original trisection of the primary pinna. 
The largest tracheids in these tertiary strands measure approximately 60 » 
in diameter and a sclerotic-secretory layer one or two cells thick surrounds 
the two xylem strands. 

A specimen contained in the F section of the coal ball was observed to 
undergo an equal dichotomy. It measures approximately 3.5 mm. in diameter, 
with a small terete xylem strand approximately .5 mm. in diameter. Within 
a distance of less than 1 mm. division of the vascular strand takes place, 
resulting in two strands, each approximately .3 mm. in diameter. No sele- 
rotic-secretory layer is present. 

In two cases (F-T11, F-T41) structures interpreted as distal secondary 
pinnae have been observed undergoing vaseular trichotomy (fig. 19). More- 
over, several isolated fragments have been observed which correspond in 
size with these ultimate divisions. Their diameters range from 3 to 4 mm.., 
with traces of .2 to .3 mm. in diameter. We conelude, then, that the next 
division of the distal secondary pinnae entails either bi- or trisection, result- 
ing in either two or three tertiary pinnae. Division beyond this order has 
not been observed. 


THE MEDIAN SECONDARY PINNA. The median secondary 
pinnae, although smaller, are essentially identical with the primary petioles; 
the xylem strand displays the W-shape and is approximately .6 mm. wide, 
the total diameter of the pinna being about 5.5 mm. The largest tracheids 
attain diameters of 90 » in contrast to a maximum of 150 » in petiolar traces. 
The smallest ones (protoxylem) are situated at the tips of the arms and 
along their outer edges. A small amount of intra-xylary sclerenchyma and a 
well-defined endodermal sheath are present. Epidermal hairs are present 
although the sclerotic-secretory layer has not been observed in this organ. 

Several specimens were followed through distances up to 6 mm. but in 
only one instance has this organ been observed to undergo further division. 
A pinna found in peel H-T14 gave off a small terete bundle from one of the 
lateral xylem arms (fig. 18). 


We wish to call attention here to a point of contrast with previously 
described species of Botryopteris. The petiole of B. americana Graham (Dar- 
rah, 1941, fig. 13) has been reconstructed as producing a ‘‘secondary petiole’’ 
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in exact miniature of the parent petiole; the ‘‘secondary petiole’’ arises di- 
rectly as an outgrowth of a lateral xylem arm, and remains oriented in the 
same direction as the primary petiole. Corsin (1937, figs. 50, 51) illustrates 
the same phenomenon in B. forensis Renault. The method of division pre- 
sented by our specimen entails no such simple plan, for when the W-shaped 
median secondary pinna trace has become fully differentiated, its arms are 
directed in a plane at right angles to that of the petiolar trace. 


THE PROXIMAL SECONDARY PINNA. Since it departs from 
the pinna complex at a very oblique angle to the axis of the plant this ele- 
ment presented considerable difficulty in its study and reconstruction, and 
while the previously described divisions of the plant display a certain meas- 
ure of regularity, such is not the case here. The various types of branching 
observed are as follows: 


Case A. A pinna complex containing the secondary pinnae all enclosed 
within the same cortex was followed from J-T1 to I-Tl. In I-B1 the distal 
pinna has been lost but the proximal one is found still attached to the median 
pinna by cortical tissue. The two are entirely separate in the next peel. The 
proximal pinna has a diameter of about 5 mm., with a strong sclerotic-secre- 
tory layer and a terete strand approximately .7 mm. in diameter. Proceeding 
upward to I-T1 (a total distance of about 10 mm. above J-T1), the pinna 
gives off two small bundles at an angle of about 90° from each other. One 
of these is apparently a root; the nature of the second cannot be determined 
exactly. 


Case B. A specimen found in the H series (beginning at H-T69) was seen 
to undergo dichotomy resulting in two terete strands each about .7 mm. in 
diameter. At a higher level a second dichotomy occurred, and each branch 
of the division gave off a root (H-T36). Of the two forks of the dichotomy, 
one departs nearly perpendicularly to the other, giving off another root 
farther out (H-T32). 

Summarizing, this specimen supplies the following information: within 
a vertical distance of about 7 mm. this proximal pinna gives rise to the two 
nearly equal dichotomies, and in each instance one of the branches departs 
at a wide angle to the other, which continues to follow a vertical course. 


Case C. Another specimen found in the H series (first appearing in 
H-T40) as an oval strand measuring about 1 mm. in diameter. It elongates 
preparatory to division (H-T32), giving off a bundle approximately .5 mm. 
wide which departs at a rather oblique angle; this bundle secon becomes 


lost through poor preservation. In H-T18, however, another division occurs ; 
in this case the bundle given off is nearly 1 mm. in diameter, and it departs 
obliquely in the direction opposite to that followed by the previous one. 
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Simultaneously, two roots depart from the sister strand. The whole specimen 
is lost without shedding any further light on the problem. The distance in- 
volved in this series was about 4 mm. 

Thus the pattern of division in cases B and C is essentially identical, both 
undergo two nearly equal dichotomies within a comparatively short distance, 
and give off adventitious roots at random. 


Case D. This specimen has been chosen for illustration (Plate VII) be- 
eause it presents most clearly what seems to be the typical behavior of this 
organ. 

Beginning with peel G-T24, we see an undivided primary pinna strand ; 
connected to this by a cortical mass and lying some distance away in the 
proximal direction are two small strands (fig. 27). Following through the 
peel series in the ascending direction, the two small bundles join together 
to form a single larger strand (fig. 26). This eventually joins the proximal 
secondary pinna strand, which has been meanwhile separated from the pri- 
mary pinna strand. 

Beginning in G-T11, a second division occurs (fig. 25), one bundle de- 
parting obliquely and in the same direction taken by that produced by the 
first major division. 

Summarizing: Within a vertical distance of about 5 mm. this proximal 
secondary pinna divided twice. In each case the weaker branch departed 
nearly horizontally, and one dichotomized shortly after departure. 


Case E. This is the most satisfactory of the several specimens we have 
examined. Beginning with an undivided primary pinna trace (F-T22) we 


have been able to follow the course of the proximal secondary pinna (to 


E-B53) for 15 mm., in which distance several divisions occur. 

Soon after the emission of the median and distal pinna from the pinna 
complex, the proximal pinna gives off a segment in the proximal direction 
which departs nearly horizontally and soon dichotomizes. The two strands 
resulting from the dichotomy are each about .5 mm. in diameter. The pinna 
strand proper retains the terete form, with a diameter of about 1 mm. 

In E-Bl the proximal pinna appears as a separate entity, its cortex 
having been separated from that of the petiole; here the resemblance to a 
stem, except for a difference in size, is very striking. Its diameter is 5 mm., 
with a terete strand of 1 mm. In E-B23 the trace gives off a bundle which 
in turn divides into two, the plane of the latter division lying at right angles 
to that of the former. 

The next division of the pinna trace occurs in peels B32 to B49; in this 
division, which is essentially a repetition of that described above, the bundle 
separated from the pinna trace soon divides in turn to produce two smaller 
bundles, one measuring .3 mm., the other .6 mm. in diameter. This division 
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takes place from the side of the trace directly opposite to that from which 
the previous division occurred. 

Summarizing: This pinna undergoes three major divisions, each directly 
opposite the one preceding it, and in each case the branch soon redivides in a 
nearly dichotomous manner. 


Case F. This proximal secondary pinna, which appears in the G series, 
progresses upwards somewhat obliquely after separation from the primary 
pinna trace. It soon gives off a weak branch trace which departs nearly hori- 
zontally in the proximal direction (G-T14), and the main strand eventually 
reassumes a terete form (G-T1). In the next higher peel (F-B1) we find that 
this terete strand has assumed the tridentate form with the arms directed 
toward the main axis of the plant. A small terete bundle has departed from 
the distal arm of the pinna trace. This very abrupt and unexpected differ- 
entiation of the terete proximal pinna trace to the tridentate form typical 
of petiolar traces occurs within the distance consumed by the saw cut, a 
thickness of about 1 mm. 

In view of the fact that a number of other proximal pinnae have been 
followed through several divisions without any indication of assuming the 
fluted w-shape, this single example of such a differentiation is noteworthy. 
The xylem strand produced in this case is nearly identical with that of a 
typical petiole. While all other ramifications of this plant seem to adhere to 
a well-defined plan of symmetry, this particular organ seems to conform to 
no such circumscribed course of behavior; it appears indeed to be an ex- 
tremely plastic entity. 


THE ROOTS. Roots (fig. 22) have been observed departing from the 
stem, the petiolar segment, the proximal secondary pinna, and in two ques- 
tionable instances from the petiole and median secondary pinna. The usual 
path of departure is in a horizontal or nearly horizontal plane. They are 
easily distinguished because their cortical tissue is quite dense and offers 
a clear-cut contrast to that of the other organs from which they are emitted 
(fig. 14). 

They average about .9 mm. in diameter and the cortical cells, ranging up 
to 50 » in diameter, lack intercellular spaces and have rather thick walls. 
The xylem strand is diarch, consisting of about 20 tracheids, the larger cen- 
tral ones presenting multiseriate-reticulate pitting. 

In one interesting sequence paired roots (fig. 22) have been seen depart- 
ing at three successive nodes, the pairs departing from petiolar segments 
shortly before or after the segment is separated from the stele (G-T54, 
G-T28, F-T27). In all other cases, however, roots seem to depart at random, 
and in only one ease has a root been noted to branch. 
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SUMMARY 


Briefly, the various points of interest concerning the ramifications of this 
plant are as follows: 

1. Petiolar segments depart from the cauline stele at angles of approxi- 
mately 120° from each other; the nodes are an average of 5 or 6 mm. apart. 

2. Each petiolar segment undergoes a trisection soon after departing 
from the stele. The median segment ultimately assumes the fluted W-shape 
with the xylem arms pointing adaxially; this structure is designated the 
petiolar trace. 

3. Each lateral segment resulting from the petiolar trisection soon under- 
goes a corresponding trisection resulting in three secondary pinnae, the 
median one of which assumes the W-shape with the xylem arms pointing 
toward the xylem strand from which it arose. 

4. The behavior of the distal and proximal secondary pinnae (especially 
the latter) is variable when compared with that of the median pinna. They 
have been observed to behave thus: 

a. The distal secondary pinna trace is not known to assume the W-shape 
but remains terete. It may either di- or trichotomize, giving rise to tertiary 
pinnae with extremely small terete vascular strands. 

b. The proximal secondary pinnae usually display a stem-like aspect. 
They undergo successive divisions involving either equal or unequal di- 
chotomy. One branch of the dichotomy continues vertically, the weaker one 
departing horizontally or assuming a pendant position and sometimes di- 
chetomizing. In one instance the proximal pinna is known to assume the 
fluted shape of the central petiolar trace, one xylem arm giving off a small 
terete strand. 

5. Small adventitious roots are rather sparingly given off, sometimes 
at random and sometimes in pairs closely associated with the nodes. 


SYSTEMATIC POSITION OF BOTRYOPTERIS TRISECTA. In 
order to bring together the most significant points of comparison between 
our Illinois specimen and previously described species of Botryopteris (ex- 
cluding those based on fertile specimens) we have prepared the table shown 
on pages 480-481. 

In its exarch stem B. trisecta differs from all of the other species except 
B. forensis and B. Fraiponti. The position of the protoxylem groups of. B. 
antiqua has not been ascertained and in the others it is central or mesarch. 
Further comparison of our specimen with B. forensis reveals other differ- 
ences sufficient to separate the two. The ‘‘fundamental poles’’ of the petiolar 
trace of the latter are absent in B. trisecta, indeed, the median xylem arms 
of the latter are sometimes seen to lack protoxylem entirely (fig. 17). Fur- 
thermore, the mode of petiolar branching in B. forensis as deseribed by 
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Corsin (1937) is not known to occur in our specimen. As seen in Renault’s 
original figures, the petiolar trace assumes its characteristic form very soon 
after separation from the stele, with no indications of pinna traces being 
given off in the interim. This in no way comparable to the complexities of 
the Illinois specimen. 

Although its stem is not known, B. americana seems to be most closely 
related to B. forensis. The petiole lacks the so-called ‘‘gum-canals’’ and 
intra-xylary sclerenchyma found in B. forensis; it possesses, however, the 
‘‘fundamental poles’’ at the tip of the median xylem arm. In the presence 
of the fundamental poles and the absence of the intra-xylary sclerenchyma 
it differs from B. trisecta. Furthermore, the mode of emission of secondary 
petioles in which an exact miniature replica of the petiolar trace arises from 
one of its lateral xylem arms is a major point of likeness with B. forensis 
and disagreement with the Illinois specimen. We feel that although the two 
above mentioned species approach the Illinois specimen more closely than 
any other there cannot be any doubt as to its identity as a separate taxo- 
nomic entity. 

Botryopteris Fraiponti, the one other species with exarch xylem, differs 
from our specimen in several respects. Although dimensions are not specified 
in the description B. Fraiponti is reported as being ‘‘smaller than B. for- 
ensis, hirsuta, ramosa and cylindrica,’’ which would make it considerably 
smaller than B. trisecta. The presence (in B. Fratponti) of several promi- 
nent protoxylem points, which lend to the stele a somewhat polyhedral ap- 
pearance in transverse section, and the shallowness of the dentations in the 
petiolar trace, are further major points of difference. 

Of the remaining species whose stems are known, B. cylindrica and B. 
antiqua are known to possess petioles whose traces are oval, or nearly so, in 
transverse section; this would seem sufficient to distinguish these from the 
Illinois specimen. B. ramosa, B. hirsuta, B. mucilaginosa and B. tridentata, 
however, possess petioles whose traces show some degree of differentiation, 
being most marked in B. tridentata. In the latter case, however, the stem is 
appreciably smaller than that of our specimen, and the protoxylem occupies 
a central position. This position of the protoxylem elements is also found in 
B. ramosa, B. hirsuta and B. mucilaginosa; the petiolar traces of these three 
species are only slightly differentiated, appearing shallowly tridentate in 
transverse section. 

The problem of the phyllotaxis has not been previously considered due 
to the difficulties encountered in determining the nature of such a detail 
in fossil plants even as complete as our specimen. As pointed out in the 
chart, however, the three species B. ramosa, B. hirsuta and B. mucilaginosa 
are reported as having 2/5 phyllotaxies, which would be a further point 


of difference from B. trisecta. In the latter, the petiolar segments depart at 
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approximately 120 degrees indicating a phyllotaxy of 1/3. We realize of 
course that only a slight variation from the 120 degree divergence would 
be needed to alter the formula, and do not pretend to have established this 
with a degree of finality. 

The remaining species are based upon petiolar fragments or subdivisions 
of a smaller order. Here again we find nothing that seems to correspond 
closely enough to be specifically identifiable with the Illinois specimen. The 
double petiolar strand of B. Renaulti, in which the oval median portion is 
partially enclosed by a larger posterior portion would seem to cast some 
doubt upon its validity as a true species of Botryopteris. Judging from these 
comparisons we feel justified in recognizing the Illinois specimen as a dis- 
tinct species. 


BOTRYOPTERIS TRISECTA Mamay and Andrews, Sp. nov. 


Diagnosis. Stem not exceeding 1 cm. in diameter; cortex with a median 
zone of dense sclerotic-secretory tissue; stele terete, protostelic, to 2 mm. in 
diameter, with exarch xylem; ultimate pitting multiseriate-reticulate. Peti- 
olar segments departing at divergences of 120 degrees, and trisecting to 
form a median petiole and two lateral primary pinnae. Petioles to 6 mm. in 
diameter with tridentate traces 1.2 mm. wide, the arms directed adaxially 
with protoxylem at the tips of the arms and along the outer surfaces of the 
lateral arms; pronounced intra-xylary sclerenchyma present. 


Primary pinna segments trisecting to form median, distal and proximal 
secondary pinnae. Distal secondary pinnae averaging 3.5 mm. in diameter, 
with small terete traces, and dividing di or trichotomously. 


Median secondary pinnae averaging 5 mm. in diameter ; traces tridentate, 
to .8 mm. in width, and with the arms directed toward the parent petiole. 

Proximal secondary pinnae averaging 5 mm. in diameter, with generally 
stem-like organization of tissues. Pinnae dividing repeatedly, more or less 
dichotomously, one branch or each division assuming a pendant position and 
ultimately dichotomizing. 

Roots diarch, not exceeding 1 mm. in diameter. 

Epidermis with multicellular hairs reaching 900 » in length. 


Horizon: Calhoun coal ball horizon, MeLeansboro group (Schopf, 1941, 
p. 9). 


Age: upper Pennsylvanian. 


Type specimen: Coal ball No. WCB684, paleobotanical collections of the 
Henry Shaw School of Botany. 


Discussion. It seems appropriate first to offer some suggestions concern- 
ing the general habit of this plant and the habitat that it oceupied. The 
diminutive size of Botryopteris trisecta, a characteristic of the other species 
of the genus as well, is a unique feature and although the entire plant is 
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not present it is likely that at least a representative portion of one is con- 
tained in the coal ball. Furthermore, since the smallest isolated frond frag- 
ments present compare closely with the intact tertiary pinnae, there is also 
reason to infer that a considerable portion of the individual frond is present. 
The preservation is good and there is evidence of neither true lamina nor 
of finer ‘‘foliar’’ subdivisions beyond the tertiary pinna traces shown in the 
photographs and restorations. 

In its general habit Botryopteris trisecta was a small plant probably 
attaining a height of a decimeter or two. It appears to have been of the 
succulent type as is indicated by the smaller branch orders which consist 
very largely of a broad parenchymatous cortex and a small conducting 
strand (fig. 20). Also, it seems apparent that the fronds were short and 
stubby structures; figures 4, 11, 12 indicate that the vascular divisions are 
not followed closely by corresponding division of the frond as a whole. 

It may also be noted that there apparently would be no way of distin- 
guishing externally certain of the frond divisions although their vascular 
anatomy presents sharp degrees of differentiation. That is, the external 
appearance of median and distal pinnae would give no indication of the 
difference in structure of their respective vascular tracts, and only slight 
size differences would distinguish these from the proximal secondary pinna 
or the petiole proper. 

With regard to its associates, although we are only beginning a detailed 
investigation of the flora, certain plants are notably dominant. The flora 
must have contained Psaronius trees as a dominant element since complete 
(in cross section) trunk fragments are not uncommon and their large aeren- 
chymatous roots compose a very high percentage of the plant remains pres- 
ent in the petrifactions. At least 75 per cent of our specimens collected 
from this locality (about one quarter ton of specimens have been cut to 
date) consist of root masses. Actually, the percentage of Psaronius roots is 
much higher, for in weathered material their presence is clearly revealed, 
and where a specimen gives evidence of consisting of nothing else, it is dis- 
carded in the field. If this affects any index of the composition of the living 
flora, it is clear that Psaronius was the dominant plant. In some of our 
specimens abundant leaf fragments bearing Scolecopteris fructifications are 
present. It is our hope that continued studies may result in decisive con- 
clusions concerning the general assumption that they were borne by Psar- 
onius fronds. 

Of secondary importance, from the standpoint of numbers of plants 
represented, are the Medullosan remains. Some of the latter, such as Medul- 
losa Noei, were large arborescent plants while others were smaller and 
probably vine-like. Associated with the stems are Alethopteris fronds and 
Dolerotheca fructifications which in all probability were borne on the 





1950 


Mea 
Sch 


| 
thes 
or 8’ 
The 
fro 
mor 
evel 
Am 
men 
ocel 


and 


to t 
stag 
han 
earl 
thu: 
ing 
ear] 
arri 
evo 
ran 
ture 
bec 


fro} 
syst 
seg 


peti 


1950 | MAMAY AND ANDREWS: BOTRYOPTERIS 485 


Medullosa stems. These have been discussed in previous contributions by 
Schopf (1948) and Baxter (1949). 

It seems very possible that Botryopteris grew epiphytically on one of 
these larger plants. Aerenchymatous roots of Psaronius indicate a moist 
or sub-aquatic habitat and there are no such tissues present in Botryopteris. 
The compact tissues of Botryopteris and apparent lack of lamina in the 
fronds certainly do not suggest such a growth habit, although the frond 
morphology may be attributed in large part to its primitive nature. How- 
ever, the abundance of Botryopteris frond fragments in general in the 
American coal balls indicates that they grew in association with the above 
mentioned arborescent plants. Thus, it seems very possible that Botryopteris 
occupied an epiphytic habit growing among the leaf bases of the Psaronii 
and Medullosas. 

It seems evident that the ‘‘frond’’ of Botryopteris trisecta, with respect 
to both its gross morphology and its anatomy, represents an intermediate 
stage in the development of this organ between those psilophytes on one 
hand, where there is no differentiation between shoot and leaves, and the 
early ferns and pteridosperms in which a laminated frond is present. In 
thus postulating Botryopteris trisecta as such a linking form we are assum- 
ing that certain of the psilophytes or psilophyte-like plants of Silurian and 
early Devonian times modified parts of their shoot system into the regularly 
arranged foliar organs which we term fronds. In Botryopteris trisecta this 
evolution has progressed to the point where the fronds are regularly ar- 
ranged with reference to the stem axis, yet they (the fronds) retain a mix- 
ture of stelar and foliar characters in their vascular system ; they have not 
become flattened in one plane, and they have not become laminated. 

Perhaps the most significant feature of the anatomy of the Botryopteris 
frond lies in the admixture of cauline and foliar anatomy in the vascular 
system. In its initial departure the ‘‘trace’’ is actually a simple branch 
segment of the stem and it is only after its first division that the typical 
petiolar trace structure is assumed. 

The primary pinnae traces are likewise stelar in form and the proximal 


secondary pinna which are derived from them also retain a stelar aspect. 


An interpretation of the striking difference in size and form between 
the vascular tracts of the proximal secondary pinna and its two associated 
branches poses one of the more perplexing morphological problems involved 
in this study. It seems possible that this appendage constitutes a fertile 
organ, the others being sterile. According to the accepted concept of the 
fruiting habit of Botryopteris, large clusters of massive sporangia were 
produced on the ultimate branch tips (Darrah 1941). 

We are able to suggest two possible explanations of the large stelar 
form of the proximal secondary pinna traces. In view of the prolific devel- 
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opment of sporangia, it may have served more efficiently in this capacity 


to supply the necessary food and water in the development of these repro- 
ductive structures; or it may simply present a retention of the more primi- 
tive stelar tract in this organ. Until it is possible to demonstrate organic 
connection between the sporangia and the remainder of the plant as we 
have described it, this point must remain unanswered. 

This admixture of contrasting characters may be considered as con- 
tributing evidence of the derivation of a frond from a simple branch system. 
It is significant to note that the stem does retain its identity while the frond 
presents an aspect intermediate between a branch system and a frond as the 
latter is known in the higher ferns and pteridosperms. 

WASHINGTON UNIVERSITY 

Str. Louts, Mitssourt 
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PLATE I. All photographs on this and the succeeding plates are prepared from peels 
taken from coal ball No. WCB684. 

Fies, 1-4. Four successive stages in the departure of a petiolar segment. Fie. 1. 
Transverse section of the stem, showing an early stage in the division of the cauline stele. 
A, epidermis; B, outer cortex; C, sclerotic-secretory zone; D, inner cortex. G-T62, x 9 2. 
Fig. 2. A stage nearly 1 mm. higher than that shown in figure 1. The abstriction of the 
petiolar segment is now pronounced. Note peripheral portion of the smallest tracheids. 
G-T58, x 9.7. Fie. 3. A stage about 1 mm. higher than that shown in figure 2. The petiolar 
segment is now completely separate from the cauline stele and is beginning to trisect. S, 
eauline stele; P, petiolar segment. GT53, x9.7. Fie. 4. A stage about 1.5 mm. higher 
than that shown in figure 3. The petiolar segment has given off the first primary pinna 
trace to the left and the second is being abstricted toward the right. P1, first primary 
pinna trace; P2, petiolar segment about to abstrict the second primary pinna trace. Suc- 
ceeding stages in this series are presented in plates II-V. G-T45, x 9.0. Fie. 5. Trans- 
verse section of a petiole, showing the characteristic tridentate appearance of the xylem 
strang. I-T19, x9.3. Fic. 6. Cortical cell with endophytie mycelium, F-T40, x 320. 
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Puiate IL. Figs, 7-9. Multicellular epidermal hairs. Fic. 7. The basal portion of a 
single hair arising from two epidermal cells. I-T2, x 187. Fic. 8. A group of several hairs 
arising from the epidermis of the stem. F-T19, x28. Fic. 9. Two hairs from figure 8, 
enlarged. Note that the length of the component cells increases toward the distal ends 
of the hairs. F-T19, x 130. Fie, 10. Transverse section of a portion of a petiolar seg 
ment, showing the departure of an adventitious root, which appears in longitudinal section. 
M, metaxylem of the root. G-T50, x41. Fie. 11. A stage slightly more than 2 mm. higher 
than that shown in figure 4. Here the trisection of the petiolar segment is complete, and 
the petiolar trace is beginning to assume the tridentate form. P1, P2, primary pinna traces 
which will in turn undergo trisection. G-T34, x 9.3. 
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12 


PuaTe III. Fie. 12. A stage nearly 2 mm. above that shown in figure 11. Here the 
petiolar strand is nearly fully differentiated and the pinna traces are in the early stages 
of trisection. The cortical division between stem and petiolar complex is nearly complete, 
and the cauline stele is beginning to abstrict the second petiolar segment. P1, P2, primary 
pinna traces, G-T25, x 9.0. 
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PLATE IV. Fig. 13. A stage nearly 1 mm. above that shown in figure 12. The primary 
pinna trace at the left has trisected and that on the right is in the first stage of trisection. 
The second petiolar segment (PE2) is completely separated from the cauline stele and is 
beginning to trisect. P2, primary pinna; P1A, P1B, P1C, proximal, median, and distal 
secondary pinna traces respectively; C, cortex. G-T21, x 7.5, 
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P2C P2B P2A 


PLATE V. Fig. 14. A stage about .56 mm. above that shown in figure 13. Here the pri- 
mary pinna trace at the right has divided into three secondary pinna traces; the distal 
trace (P2C) remains terete, while the median trace (P2B) has begun to assume the tri- 
dentate form with the arms directed toward the petiole, and the proximal trace (P2A) 
remains large, terete and strikingly stele-like. P, petiole trace No. 1; B, petiole trace No. 


2; Bl, primary pinna trace; R, dichotomized adventitious root, G-T18, x 7.2. 
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PLATE VI, Figs. 15-24. Fie, 15. Longitudinal section of metaxylem tracheids showing 
the reticulate pitting characteristic of the larger tracheids, J1,x 180. Fie. 16. Longitudinal 
section of a smaller metaxylem tracheid with scalariform secondary thickening. G-T50, 
«185. FiG. 17. Tertiary pinna traces resulting from the dichotomy of a distal secondary 
pinna trace. Transverse section. G-T4, x25. Fie. 18. Transverse section of a median see 
ondary pinna trace. This is the only instance in which a median secondary pinna trace was 
observed giving off a branch trace, H-T14, x29. Fic. 19. Transverse section of a distal 
secondary pinna, the vascular tract of which has trisected, forming three tertiary pinna 
traces. F-T42, x11. Fie. 20. Transverse section of an ultimate pinna. Note the ex 
tremely small size of the vascular tract in comparison to the cortex. E-B12, x 17.1. Fie. 
21. Longitudinal section of a protoxylem tracheid with spiro-annular secondary thicken- 
ings, J6, x 630. Fie. 22. Transverse section of a proximal pinna. Note the striking simi- 
larity to a stem (fig. 1). Adventitious roots are departing from the xylem strand. E-B12, 

10. Fie, 23. Transverse section of a petiolar trace. Only a single group of protoxylem 
elements is present, situated at the tip of the median xylem arm. Note the sclerenchyma 
in the embayments of the xylem. F-T33, x33. Fie. 24. Transverse section of a petiolar 
trace. In this instance there is no protoxylem at the tip of the median xylem arm. It is 
evident, however, at the tips of and along the outer edges of the lateral arms. H-H56, x 40. 


PLATE VII. Figs. 25-27. A descending series of transverse sections taken from three 
successive peels, illustrating the departure and dichotomy of a pendant branch from a 
proximal secondary pinna. FG. 27. The still undivided primary pinna trace is seen at 
the left. At the right are two small, obliquely sectioned terete strands. A, primary pinna 
trace; B1, dichotomous divisions of the pendant branch of the proximal secondary pinna. 
G-T24, x5. Fie. 26. Here the primary pinna trace is somewhat constricted; the larger 
portion is destined to form the proximal secondary pinna trace. The pendant branch is 
seen with its dichotomy nearly complete. Bl, pendant branch. G-T23, x5. Fig. 25, Here 
the proximal secondary pinna trace is completely separate from the primary pinna trace, 
and its pendant branch is seen extending to the right. The remainder of the primary 
pinna trace is about to divide again to produce the distal and median secondary pinna 
traces. A, primary pinna trace; B, proximal secondary pinna trace; B1, departing branch 
of the proximal secondary pinna. G-T22, x 5. 
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PALYNOLOGICAL OBSERVATIONS ON SOME 
SPANISH HONEYS 


ERNESTO VIEITEZ 


The botanical origin of honey may be determined by the identification of 
the pollen grains contained in the samples of honey. Such pollen analyses 
may aid in the differentiation of various honeys, in the detection of poisonous 
honey and in the detection of possible fraud in the sale of honey. The toxic 
nature of certain honey has been known for some time. Tokuda and Sumita 

1924) reported the toxic nature of honey derived from Rhododendron 
flavum, Rhododendron ponticum and Tripetaleia paniculata. Lovell (1926) 
reported the poisonous nature of honey derived from Kalmia latifolia. In 
the cases reported by these authors the toxicity was due to the presence of 
andromedotoxins. Kumpler (1921) reported the poisonous nature of honey 
derived from Colchicum autumnale. Filmer (1946) reported similar findings 
for the honey of Coriaria myrtifolia. However, in this last case, the toxicity 
was later found to be due to ‘‘honeydew.’”’ 

The geographic origin of honey may be determined by a study and identi- 
fication of the most typical pollen found in honey samples. Honeys containing 
large amounts of pollen from Acacia, Eucalyptus, Labiatae or Compositae 
may originate from Central America, Australia or the Mediterranean basin. 
The differentiation of honeys from countries that are different botanically 
is a comparatively simple matter, but a differentiation of honeys, on the 
other hand, from countries that are alike botanically is extremely difficult, 
if not impossible. 

Very little work if any has been done on the types of pollen present in 
Spanish honeys (Zander 1941). Therefore I have undertaken a study of the 
pollen types present in the honeys of Galicia (N.W. Spain). I hope to con- 
tinue this study to include all of the Spanish honeys. 

Material and methods. Samples of honey from eighteen different locali- 
ties of Galicia have been studied in this investigation. The different localities 
are indicated in figure one. Special care was taken in selecting the localities 
from which samples of honey were to be obtained, the selection being based 
on the botanical character of the region. In this study the most typical of 
the Galician honeys have been recorded. 

In order to facilitate the later identification of the pollen types present in 
the different samples of Galician honey, the morphology of the pollen grains 
of the more abundant melliferous species of Galicia were studied. During 
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this preliminary study the works of Erdtman (1943), Wodehouse (1935) 
and Zander (1941) were frequently consulted. It was impossible to identify 
all the pollen found in the different samples. Sometimes entirely unknown 
types were found. These unknown types may have included pollen from 
exotic plants growing in various cultivated gardens in the vicinity or atypi- 
cal forms of pollen from some of the common plants. 

The percentages of pollen types found in the different samples of Galician 


honey indicated in table 1 were calculated after a considerable number of 
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pollen grains in the particular sample had been counted. The entirely un- 
known pollen is expressed in the group termed ‘‘Ignotum.’’ In some cases 
it was difficult to determine the exact source of the pollen grains found in 
the different samples of honey obtained from different geographic regions. 
In those instances family names only are given. This was true of the Rosaceae 
family where it was difficult to differentiate the pollen. Very little time was 
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spent on attempting to differentiate the pollen of this particular family, 
since the members of the Rosaceae play a very small part in the composition 
of the Galician honeys. This is due in part to the early bloom of the fruit 
trees in Spain. They bloom during the cold, rainy season, when it is impossi- 
ble for the bees to visit their flowers. In other cases when the exact source 
of the pollen can be determined, the genus and species name of the plant is 
given. Photomicrographs of various pollen grains found in typical Galician 
honey are also included (figs. 2-17). 


4 


Figs. 2-13. Fig. 2. Cistus hirsutus, x 900. Fie. 3. Lonicera periclymenum, x 400. Fie, 4. 
Castanea vulgaris, x 900. Fic. 5. Geranium molle. x 900. Fic. 6. Allium neapolitanum. 
x 900. FIG. 7. Anchusa sempervirens, x 900. Fig. 8. Asphodelus albus. x 900. Fie. 9. Romulea 
uliginosa, x 900. Fie, 10. Erica umbellata. «900. Fic. 11. Erica cinerea. x 900. Fie. 12. 
Daboecia polifolia. x 900. Fie. 13, Forsythia viridissima. x 900. 


In isolating the pollen from the honey samples, the method suggested by 
Erdtman (1943) was used. Twenty-five grams of honey were dissolved in 50 
ee of hot water, and filtered through a Buchner funnel. The filter paper is 
washed first with distilled water and then with glacial acetic acid. To sepa- 
rate the pollen grains from the filter paper where they are retained, the 
filter paper is placed in a centrifuge tube to which has been added a recently 
prepared solution consisting of 5 cc. of concentrated sulfuric acid and 5 ee. 
of acetic anhydride. The hydrolysis of the filter paper is fairly rapid, but 
ean be hastened by placing the centrifuge tube in boiling water in a water 
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Figs. 14-17. Fig. 14, Pollen from a Galician honey. (Santiago de Compostela). x 400. 
Fig. 15. Pollen from another Galician honey. (Viana del Bollo). x 400. Fie. 16. Pollen 
from an Alearrian honey. x 400. Fig. 17. Pollen from another Alearrian honey. Alearrian 
honeys lack Ericaceae pollen. x 400. 
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bath. The solution is then centrifuged. The sediment is washed with ethyl 
acetate, then with acetone and finally with distilled water. The isolated pol- 
len grains are then embedded in a drop of glycerin jelly on a slide and stained 
faintly with methyl green. Special care should be taken during the prepara- 
tion of the slides to avoid drafts that might blow the pollen grains off the 
slide. Filtration may be avoided by directly centrifuging the honey after it 
is dissolved in hot water. The sediment is then washed with acetic acid and 
then with distilled water. The remainder of the procedure is the same as 
above. 

Results. On the analysis of the samples taken from the eighteen different 
localities, it was found that Ericaceae pollen appeared in every one of the 
samples. The percentage of Ericaceae pollen found in each sample was also 
very high. The highest percentage of any pollen type found in this investiga- 
tion was for Erica umbellata. Among the Ericaceae, Erica cinerea, E. umbel- 
lata and Calluna vulgaris are of great importance. Erica arborea and Erica 
australis were found in lower percentages and hence are not as important. 
Pollen from Erica australis was found only in samples six and seven. The 
presence of Ericacew pollen in the Galician honeys is quite significant, and 
one of its main features. The flora of this region consists chiefly of members 
of the Ericaceae, the above mentioned species together with Daboecia poli- 
folia, a species whose pollen has only been identified in one sample, number 
seven. 

The pollen of Castanea vulgaris is typical of the honey obtained from the 
mountainous regions of Eastern Galicia. In the samples from this part of 
the country, it appeared in considerable percentages. In honey samples taken 
from other parts of Galicia, pollen of Castanea vulgaris appeared in very 
low percentages if at all. Not many years ago the chestnut tree, Castanea 
vulgaris, was one of the main plants of Galicia. But it was desvroyed by 
man and mycological diseases, until at present it is abundant only in the 
mountainous part of Eastern Galicia. It is to be expected that it will soon 
vanish from this region also. At that time the pollen of this species will lose 
its importance in Galician honeys. 

Another species that is typical of these honeys is Echium plantagineum. 
It was found in all the samples studied, except in numbers 8, 14 and 15. The 
highest percentage was found in sample ten. Its constant presence makes it 
interest.ng. The species abounds in Galicia and its flowering season is long 
and coincident with fine weather, permitting bees to collect their nectar. 

The presence of pollen from the Rubus spp. is of great interest. ‘his 
genus with its different species, is largely disseminated all over Galicia. There 
is not a place where there are not blackberry-bushes. Their nectar is eagerly 
sought by bees. The presence of Rubus pollen is constant in the analyzed 
samples, reaching especially interesting percentages in samples one and two. 
This pollen can be considered characteristic of Galician honeys. 
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The pollen of Brassica oleracea seems to be a common type found in the 
honey samples, although it occurred in lower percentages than did Rubus 
pollen except in sample three. This species is very abundant in Galicia where 
it is grown in its many horticultural forms, being greatly used as food both 
by man and domestic animals. It is surprising, however, that it does not occur 
in higher percentages in the honey samples, since it is such an abundant 
plant. This can be explained in part by its early flowering season, in the first 
months of the year, when the heavy rains and the cold prevent the bees from 
visiting the plants as they do in the later part of the year. This species then 
could also be considered typical of the Galician honeys. 

Another species worth mentioning among the others recorded in the chart 
is Trifolium repens. In general in the Galician honeys I have not found 
pollen from many members of the Papilionaceae. The exception is the pollen 
of Trifolium repens, which has been found in all the samples. The percent- 
ages of Trifolium pollen in the honey samples were low, however. It is 
strange that the pollen of Ulex europaeus is not found in larger amounts in 
the honey samples, since together with the previously mentioned members 
of the Ericaceae family it is one of the more common plants found in Galicia. 

The pollen of other plants than those mentioned above, though found in 
many samples of Galician honey may be considered only of secondary im- 
portance. In the samples in which they were found, however, they occurred 
in very low percentages. Unlike the Spanish honeys in general, there is al- 
most a complete absence of Labiatae pollen in Galician honeys. The pollen 
of the Compositae also occurred in low percentages in the honey. This is 
surprising since the Composite group is one of the largest plant groups. 
Among the Gramineae, the large pollen grains of Zea Mays were found in 
some samples, reaching a high percentage in sample 6. Maize is a rather 
common plant in Galicia. In sample 13 there were a few pollen grains of 
Secale cereale. This is the only sample in which pollen grains of this particu- 
lar species occurred. 

SUMMARY 


1. From this study one can conclude that pollen from Erica cinerea, 
Erica umbellata, and Calluna vulgaris, together with that of Rubus spp. 
and Echium plantagineum may be considered typical of Galician honeys. 

2. The pollen of Castanea vulgaris is characteristic of honeys from the 
mountainous region of Eastern Galicia. 

3. The pollen of Ulex europeus, Brassica oleracea, Trifolium repens and 


Zea Mays though found in many samples of Galician honeys, cannot be con- 


sidered typical of Galician honeys. 
4. Pollen from fruit trees is likewise not typical of Galician honeys. 
5. The infrequent occurrence of the pollen of members of the Labiatae 
is in marked contrast to the condition as it exists in other Spanish honeys. 
PONTEVEDRA, SPAIN 
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ON THE DISTRIBUTION OF ALOINA BREVIROSTRIS 
IN NORTH AMERICA’ 


WILLIAM CAMPBELL STEERE 


























In her revision of the genus Aloina in Grout’s *‘Moss Flora of North 
America,’’ Ethelda J. Craig (1939) summarized the geographical distribu- 
tion of A. brevirostris (Hook. & Grev.) Kindb. as follows: ‘‘Greenland; 
Rocky Mts. ; Montana; British Columbia; Alaska.’’ This brief statement had 
given me the impression through the years that A. brevirostris must belong, 
in its floristic relationships, to that large group of species characteristic of 
the northern Rocky Mountains. Consequently, my discovery of this species 
during the summer of 1948 in the Great Bear Lake region of the Northwest 
Territories of Canada (District of Mackenzie)’, far east of the Rocky Moun- 
tains, impressed me as representing an unexpected extension of its geo- 
graphic range in this continent. It was found first in 1948 on a steep bluff 
of fine caleareous alluvial silt along the Harrison River in the Hunter Bay 
region at the eastern end of Great Bear Lake. Later in the summer it was 
discovered on fine silt in the center of small solifluction polygons or ‘‘mud 
boils’’ at the mouth of the Coppermine River, on the shore of the Arctic 
Ocean. During the summer of 1949, this species was found to be very widely 
distributed in Alaska* where it was collected in abundance in many parts 
of the Matanuska Valley, at and near Fairbanks, at Galena on the Yukon 
River, at McGrath on the Kuskokwim River, and in the vicinity of Nome. 
A further important Alaskan collection was made by Mr. Louis Jordal of 
this department at Wiseman, on the south slope of the Brooks Range, during 
the summer of 1949. 

Aloina brevirostris seems to grow always on a very fine, often white or 
grey, caleareous silt of glacial or fluvial origin, and may be considered a 
clear indicator not only of the presence of calcium ion but also of a certain 
range of particle size in the silt substratum. Where banks of suitable silt are 
exposed along rivers, roads, and railways, A. brevirostris was almost always 













1 Paper from the Department of Botany of the University. of Michigan, number 909. 

2 The collections from the Northwest Territories resulted from field work during the 
summer of 1948, made possible through a grant of funds to Professor H. H. Bartlett of 
the University of Michigan by the U. S. Office of Naval Research for the investigation 
of the effects of natural radioactivity on plant heredity. 

3 The specimens from Alaska were collected during the summer of 1949 during my 
association with the U. S. Geological Survey, Alaska Tetfrain and: Permafrost Section. 
Mr. Robert F. Black and Dr. William 8. Benninghoff of the U. S. Geological Survey 
deserve especial acknowledgment for much help and inspiration. 
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found. In fact, the occurrence of this species in several localities was pre- 
dieted while flying over them, when river banks of white silt were seen from 
the air. From this experience it is further predicted that A. brevirostris will 
be found to be much more widely distributed in the northern part of our 
continent if its specialized habitat be carefully examined, and that instead 
of being a rare species, it is only one that has escaped collection because of 
the sterile appearance of its habitat. 

The unexpectedly wide distribution of Aloina brevirostris makes neces- 
sary the conclusion that instead of being a member of a restricted floristic 
element of the northern Rocky Mountains, it really belongs to a large group 
of species that range across the top of the North American continent. This 
conclusion has required the reexamination of all available older reports and 
collections of Aloina from northern North America, as outlined below. 

Bryhn’s report (1906-1907) of ** Aloina rigida’’ from Ellesmere Island, 
far north of the Arctic Circle, was included in the list of Musei contributed 
to the ‘‘ Botany of the Canadian Eastern Arctic’’ (Steere, 1948) before I 
knew that A. brevirostris would turn out to be so widely distributed in 
Alaska and the Northwest Territories. Bryhn’s identification was therefore 
accepted ‘‘even though it entails such a remarkable range extension.’’ After 
my field experience with A. brevirostris during the summers of 1948 and 
1949, however, it was perfectly clear that Bryhn must have made an 
erroneous identification, and that the original specimen must be reexamined. 
Dr. Per Stérmer, Curator of the Universitetets Botaniske Museum of Oslo, 
has very generously given his time and effort to this study, and has given 
the following report (in litt., Oct. 4, 1949): ‘‘I made a close examination 
of the specimen of Aloina rigida (Hedw.; Schultz) (nr. 2307) from Moskus- 
fjord, Kong Osears Land, leg. july 1900 by H. G. Simmons and determined 
by N. Bryhn. Your doubts are justified. I found very short leaves and a 
synoicous inflorescence, proving that the specimen belongs to Aloina breviro- 
stris (Hook. & Grev.) Kindb. I found a few very young sporophytes.’’ Dr. 
Stérmer also kindly called my attention to the fact that Dr. Herman Persson 
(1944) had cast doubt upon Bryhn’s identification, in an interesting paper 
on the wind dispersal of Aloina spores, as follows: ‘‘A reported occurrence 
of A. rigida in lat. N. 76° 30’ in King Osear’s Land (Bryhn 1907) must— 
considering the distribution of this species elsewhere—be accepted with the 
greatest reservation. Only a few sterile specimens were found, and below I 
will show how difficult—indeed impossible—an identification generally is 
in such cases.’’ The synoicous inflorescence, however, furnishes an infallible 
character by which to separate A. brevirostris from the other species of the 
genus. 

A second very great extension in the geographic range of Aloina breviro- 
stris is implicit, although not emphasized, in Mrs. Craig’s reference of A. 
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macrorhyncha (Kindb.) Broth. to the synonymy of the species under dis- 
cussion, since the type of Kindberg’s Barbula macrorhyncha came from 
North Hastings, Ontario. Dr. A. E. Porsild, Chief Botanist, very courteously 
loaned me the type specimen from the National Museum of Canada. The 
label is headed ‘‘ Flora Canadensis,’’ and was originally numbered ‘‘2434,”’ 
but this number has been stricken out and the number ‘‘334’’ added. The 
name originally written on the label was ‘‘ Barbula brevirostris B. & S.’’ but 
the specific name has been crossed out and ‘‘macrorhyncha, Kindb.’’ writ- 
ten on the upper edge of the label in Kindberg’s hand. The remainder of the 
data presented are ‘‘On earth in North Hastings, Aug. 16th 1874, coll. Prof. 
Macoun.’’ The label also bears a pencilled notation by Ethelda J. Craig that 
the material she examined does not differ from Aloina brevirostris. Since the 
first plant examined possessed a synoicous inflorescence, her disposition of 
Kindberg’s species would seem to be completely correct. The plants were 
growing on a fine grey silt, an abundance of which is still attached to them. 
The specimens are glued to a small sheet of paper, and the ones examined 
most carefully are numbered 1024. The specimens that were at one time 
close to the numbers 572 a and 734 have apparently been removed or have 
erumbled away from the glue in shipment, since nothing remained there at 
the time of my examination (October 4, 1949). 

With the certainty in mind that Aloina macrorhyncha from near Ottawa 
is really A. brevirostris, Dr. Porsild was requested for the privilege of ex- 
amining another specimen, namely, the collection from Niagara Falls, On- 
tario, reported by Macoun (1892) and Craig (1939) as Barbula rigida. As 
might be expected from the foregoing, this specimen likewise turned out to 
be A. brevirostris, and had even been originally (and correctly) named 
‘*Barbula brevirostris’’ on the label, but that name had been stricken out 
and the name, ‘‘Barbula rigida Schultz’’ substituted. These incontestible 
identifications of A. brevirostris from southern Ontario mean that careful 
search of banks of fine calcareous silts in the northernmost United States 
and in the southern provinces of eastern Canada will beyond any doubt 
reveal still further stations for this species, so long considered to be rare and 
western. 

A third important extension of the range of Aloina brevirostris in North 
America, which escaped me until after this manuscript was nearly com- 
pleted, illustrates still further the wide distribution of this species in eastern 
Canada. Lepage (1947) listed this species among the ‘‘ Additions et Correc- 
tions’’ in his important catalogue of the mosses of the province of Quebec, 
although not in the original publication, and I wish to express my apprecia- 
tion here to Mr. James Kucyniak for calling to my attention a record that 
would otherwise have been overlooked. Since A. brevirostris is apparently 
the only species of Aloina that occurs in the northern part of North 
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America, there can be very little doubt concerning the correctness of the 
identification. The specimen was collected in northernmost Quebec, along 
the Larch River (riviére aux Mélézes) southwest of Ungava Bay and Fort 
Chimo, by A. Dutilly and E. Lepage during the summer of 1945. 

Through the generosity of Dr. D. P. Rogers of the New York Botanical 
Garden and of Dr. A. E. Porsild of the National Museum of Canada, most 
of the collections of Aloina in these institutions have been reexamined. From 
this study, the geographic distribution of A. brevirostris in North America 
has been redefined and mapped (fig. 1), on the basis of the following eol- 
lections : 

United States—Montana: Columbia Falls, Nov. 14, 1894; October 18, 
1895, R. 8S. Williams 224. 

Canada—British Columbia: Quesnelle, May 31, 1875, J. Macoun 2024. 
Alberta: ‘*‘Clay banks amongst the Rocky Mountains,’’ Drummond 136 tn 
part; Morley, June 13, 1885, J. Macoun, Canadian Musci 16, 72; On earth 
along Cave Avenue, Banff, /. Macoun; Mountain Avenue, Banff, July 18, 
1891, J. Macoun 1086 ; North Branch Saskatchewan above Bear Creek, June 
14, 1908, Stewardson Brown 930; Vicinity of Edmonton, Aug. 4, 1947, D. 8. 
Correll 11729, 11730. Manitoba: York Factory, Drummond 136 in part. 
Yukon: Dawson, June 29, 1898, R. S. Williams 571. Northwest Territories: 
District of Mackenzie, Harrison River, Hunter Bay, east end of Great Bear 
Lake, July 30, 1948, Steere 10562; At mouth of Coppermine River near 
village of Coppermine, Aug. 4, 1948, Steere 10837; District of Franklin, 
Ellesmere Island, Moskusfjord, King Osear’s Land, Lat. 76° 30’ N., July, 
1900, H. G. Simmons 2307 (reported as A. rigida). Ontario: Hastings Road, 
Tudor, North Hastings, Aug. 16, 1874, J. Macoun (type of Barbula macro- 
rhyncha Kindb.) ; Niagara Falls, June 15, 1884, J. Macoun 572a (reported 
as Barbula rigida). Quebec : Nouveau-Québee, riviére aux Mélézes (Larch 
River), 1945, Dutilly & Lepage 9958 (Lepage, 1947). 

Alaska—Southeastern Alaska: Glacier Bay, Aug. 21, 1921, W. 8S. Cooper 
79. Matanuska Valley: On road eut just west of Palmer, June 30, 1949, 


Steere 12401; In gravel pit near Matanuska Agricultural Experiment Sta- 
tion, Palmer, July 2, 1949, Steere 12526; On cut along Alaska Railroad just 
east of Palmer, above Matanuska River, July 5, 1949, Steere 12573; On road 


fill, Mile 104, Anchorage-Fairbanks Highway, 55 miles northeast of Palmer, 
July 1, 1949, Steere 12426. Fairbanks region: On roadside bank in Fair- 
banks Cemetery, July 7, 1949, Steere 12627 ; On high, steep bank along road 
just below the University of Alaska campus, College, July 7, 1949, Steere 
12638; On bank along Alaska Railroad at Dunbar Station, about 38 miles 
west of Fairbanks, July 8, 1949, Steere 12665. Yukon River: On dike around 
airfield at Galena, July 10, 1949, Steere 12768. Nome region: Along road 
about 3 miles north of Nome, July 11, 1949, Steere 12783; In old tailings 
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ig. 1. The distribution of Aloina brevirostris in North Americéa. 
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from gold dredge, about 4 miles north of Nome, July 14, 1949, Steere 13163, 
13181. Kuskokwim River: On steep river bluff 2-3 miles upriver from Me- 


Grath, Aug. 18, 1949, Steere 14619; Brooks Range (south slope): On bare 
silt mounds at airstrip near Wiseman, June 20, 1949, Lowis Jordal 1889. 

Greenland: Auleitsivikfjord and Sarpiursak, Disko Bay region, West 
Greenland ( Berggren, 1875). 


SUMMARY 


A reexamination of older collections and the recent discovery of many 


new stations indicate that Aloina brevirostris has a much wider distribution 
in North America than previously suspected, and that instead of being a 
western species, it extends across the northern part of the whole continent. 
Furthermore, the restricted habitat of this moss on fine calcareous silts 
makes it a good indicator species for the presence of calcium ion and for 
certain definite ranges of particle size within the silt substratum. 
DEPARTMENT OF BIOLOGICAL SCIENCES, 
STANFORD UNIVERSITY, CALIFORNIA 
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TORREYA 


The Sandbox Tree and Its Armament 
H. A. ALLARD 


Introduction. The native sandbox tree (Hura crepitans), sometimes called 
monkey-pistol tree, or Javilla in Spanish, is a familiar tree in the American tropies, 
and a common constituent of the forests at the lower elevations in Hispaniola. It 
belongs to the large family of plants known as the Euphorbiaceae which includes 
some of the most useful and beautiful trees: the valuable rubber tree (Hevea brasil- 
iensis) which plays such an indispensable role in our human economy, the useful 
cassava (Manihot utilissima), the beautiful Poinsettia, the castor oil plant, and 
many others. 

According to the booklet “Edible and Poisonous Plants of the Caribbean 
Region,” by B. 8S. Dahlgren and Paul C. Standley, issued in 1944 by the Bureau 
of Medicine and Surgery, Navy Department, U. 8. Government Printing Office, it is 
not a tree to be careless with. From personal contacts I can vouch for the statement 
that one must regard it with considerable respect. Of all the tropical trees, none is 
better equipped, both physically and perhaps chemically, to repel careless handling. 
In spite of its formidable and even dangerous armament of thorns, its presumably 
poisonous or irritant sap or latex, and its highly explosive capsules, I found the 
tree to be most interesting and worthy of study. 

Physical Armament. It is a soft-wooded tree, spreading and gigantic in its 
proportions when growing in favorable situations. From the ground level to the 
highest limbs the bark is studded with powerful, vicious thorns greatly enlarged 
at the base but tapering to a fine, sharp, needle-like point. These thorns, often over 
an inch in length and as much as one-half inch wide at the base, are straight or 
slightly curved, and are outgrowths of the epidermis. In older trees the base of 
these formidable spines may be hollow, following the drying out and shrinkage 
of the softer central pith. These spines may be so numerous as to touch base to 
base, and woe to him who, in his jungle explorations, happens to come in contact 
with these by a careless grasp of the hand. I once had an intimate and unexpected 
contact with these thorns. I was exploring a dark narrow ravine on a coral-rock out- 
crop for insects and plants near the coast not far from Ciudad Trujillo when I sud- 
denly tripped and was thrown against the trunk of a huge Javilla tree. Instinetively 
I threw out my hand to protect my face and received two deep stabs in the palm 
of my hand from the vicious thorns. 

Sap and Foliage. [t has been stated in some accounts of the tree that the milky 
latex or sap is irritant or poisonous to the skin. From personal experience I have 
found nothing irritant in the abundant latex either of the bark or the green pods 
although I have gotten it all over my hands and arms, both intentionally and un- 
intentionally, and have chewed portions of the green pods and seed to observe its 
effect upon the mucous membrane. Nothing happened in these tests. I am told by the 
natives, however, that the seeds are violently purgative, and that the sap is irri- 
tant to the eyes. This may well be but I have no desire to make such tests. So far 
as animals are concerned, the foliage is much relished by goats and the green leaves 
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of fallen trees are gathered for them. After the branches of a huge tree were cut 
away on my son’s property, a peon was greatly pleased when he was permitted to 
trim down all the leafy twigs and earry these away to feed his goats. It is well 
known that the leafage of the Javilla is an excellent fodder for these browsing 
animals. 

Inflorescence. The inflorescence of this tree is very striking. It is characteristic 
of the family Euphorbiaceae to which this tree belongs to have the staminate and 
pistillate elements borne in separate flowers, either on the same plant (monoecious), 
or upon separate plants (dioecious). The inflorescence of the Sandbox tree is monoe- 
cious, since the stamens and pistils are regularly borne in separate structures on the 
same tree. The staminate flowers are arranged in an oblong spike about two inches 
iong, which terminates a long drooping stem five to six inches in length. There are 180 
te 200 densely imbricated, sessile staminate flowers on each spike. The entire strue- 
ture is tightly enclosed in a thin, colorless parchment-like envelope which ruptures 
when the stamens are mature. At this stage it is torn to shreds and the inner 
surface has the appearance of a east off snake skin. This is due to the regularly 
arranged imprints of the anthers which have permanently impressed this rhythmie 
pattern of arrangement upon this unique covering. This impermeable covering no 
doubt prevents moisture and rain from damaging the stamens and pollen, but its 
function may also be to prevent rapid drying out and deterioration of the delicate 
staminal structures by the intense tropical sun and the constant diurnal winds. 
It is obvious that their terminal position upon the tips of the peripheral twigs of 
the crown particularly exposes them to the strong drying influence of sun and wind. 
With the rupture of the parchment-like covering, the densely packed, deep crimson 
anthers are revealed in all their beauty, and spread vivid flecks of striking color 
over the green crowns of the trees. 

The pistillate flower structure is quite as unique and quite as interesting. It 
comprises an elongate stigma, expanded into a star-like pattern of almost equidis- 
tant subulate rays from one-fourth to one-half inch long and is dark brownish-red in 
color. The number of rays appears to agree with the number of segments of the eap- 
sule, and it is probable that the distinctive rayed stigma represents a coalescence of 
many distinct and separate styles peculiar to some ancestral form. Why the queer, 
inventive forces of life have become dissatisfied with and discarded a divided condi- 
tion of the gynecium in this tree, to substitute a most elaborate structure with all 
parts united, is difficult to say. Such, however, are the ways of the restless forees of 
life in their eternal play upon plastic organic matter in the origination of specific 
forms. It seems to be an eternal mood to tear apart one structure and to coalesce else- 
where in a ceaseless vital restlessness evolving form and behavior. Perhaps after all 
it is as meaningless, yet as fundamental in the determinisms of molecular behavior 
and arrangement into higher specializations of structure form and color, as the eate- 
gories of form and specialization in the lifeless snowflakes, all of which are destined 
merely to fall from the skies and melt upon the earth, regardless of their design or 
beauty. I have seen no seientist yet who has thought of associating any of these thou- 
sands of varied forms of the snowflake with concepts of purposeful or increased 
efficiency during their short existence as crystalline entities. 

Capsules. The capsules, when mature, may be as mich as four inches across 
and 1% inches or more thick. While still immature they are most attractive, flattened, 
globose structures depressed or concave both above and below with a beautiful 
almost perfectly radial symmetry fashioned by the arrangement and lines of the 
many segments, often 15 or more in number. The surface of the capsules is smooth 
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and the color a clear, bright green. As they mature, these capsules darken until 
they are almost black in color, then they become veritable, even dangerous, vege- 
table bombs, developing a terrific explosive energy which the drying tropical sun 
sets off on bright, hot days. Hundreds, perhaps thousands of capsules develop on 
the twigs throughout the season, for the tree has an almost perennial fruiting habit, 
and day after day the ripened capsules explode with a loud report, almost with the 
sound of a pistol shot, which accounts for the name monkey-pistol tree. It is bang 
here and bang there. These reports with their flying shrapnel are very disconcerting 
to the birds, and I have seen flocks of the big black smoothbilled Ani (Crotophaga 
ani) dash away from the crown of one of these artillery trees in great consternation, 
as if they were escaping from the shot of a gun someone had fired directly at them. 
Veritably the tree has done just this if the birds had been perched on a twig bearing 
one of these exploding capsules, for seeds and segments are sent far and wide, and 
often high above the trees. On more than one oceasion I have had the flat seeds fall 
at my feet nearly 200 feet from the parent tree. 

I shall not soon forget a startling experience I had with these explosive capsules. 
I had cut off an especially large, fine, dry capsule and had placed it in a tilted 
position on a box out of doors to sketch it. It was a hot, dry, windy day and I had 
not yet learned of the unpredictable vagaries of these dry Javilla pods. Suddenly, 
just as I was about to finish my sketch and was examining the bomb at close range 
it went off with a loud pistol-like crack. I was so startled momentarily that the 
reaction nearly carried me backwards, for I had my face very close to the thing. 
For a second I hardly knew what had happened, and some young women passing by 
were greatly amused at my uneoncealed surprise. There was not a trace of the 
capsule in sight, but I found the split segments scattered everywhere over the 
lawn. Only a few seeds could be located, and some of these were many feét away. 
I doubt not some were carried several hundred feet away. As a result of this explo- 
sion I received a sharp, even painful blow on one of my fingers from a seed or 
segment. Luckily none hit my eyes or glasses, for serious damage could have 
been caused. I am convinced that the elongate almost needle-sharp points of the 
curved segments striking the eye just right could cause irreparable injury to the 
sight. At any rate, although I studied these capsules very critically many times after- 
ward, I took the precaution to moisten them thoroughly with water, which renders 
them quite as harmless as a powder bomb; beware that drying does not catch you 
unawares, however. I often amused myself and the servants by placing a row of 
ten or fifteen of these missiles upon a hot conerete wall in the full sun and awaited 
their explosion one by one. It was never a simultaneous rifle fire, but a long-drawn 
bursting of the vegetable shrapnel shells, perhaps extending through half a day or 
more, depending upon the maturity and dryness of the capsules. 

No Javilla pod is ever heard to explode at night or on damp, cloudy days. The 
trees then are as silent with their artillery as any tree in the countryside. The finger 
pressing on the trigger is that of old sol himself, and the drying winds that arise 
in the tropics during the heat of the day when the humidity is at its lowest. 

One naturally asks what the mechanism can be that so efficiently explodes these 
pods when dried to the critical point. If a capsule is closely examined it will be 
found to consist usually of fifteen or sixteen wedge-shaped segments which are so 
arranged with their narrow tapering ends pointing inward toward the central 
placenta that they show a strikingly beautiful cireular and radial symmetry. If a 
dry capsule is allowed to explode and disintegrate, an examination of the separated 
and detached segments reveals that they are almost of knife-blade thinness on their 
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inner edge, but thick and rounded on their outer exposed edge. Perhaps one ean say 
their ventral edge is very thin and evenly wedge-shaped with straight sides, and that 
dorsally they are very thick and rounded to form the sides of the capsule. It will be 
seen that each dry segment has split down the center nearly to the base along a 
median line, exposing the narrow seed cavity within from which the seed has been 
projected. At maturity the adjoining segments are separated by very narrow deep 
sinuses which become planes of splitting at the proper moment. 

As one views the depressed apex of the mature capsule from above, the epidermis 
of each segment appears to be attenuated to a very narrow thread-like or fibrous at- 
tachment arising from the central axis. Directly beneath each one of these stout 
strands of attachment lies the sharp downwardly-curved beak of each capsular see- 
tion. This hard horny beak is inserted into a hole in the hard tough substance of the 
central axis. 

The entire fruit is so constructed that as maturity approaches with increasing 
desiccation of the tissues, a terrific, equalized tension is developed in each segment. It 
is obvious that the downwardly curved, sharp, strong, apical beak also has a definite 
function in assisting the fifteen or sixteen compressed horny segments to remain in 
place until the moment of final rupture and explosion. By the time the entire eapsular 
structure is ready to burst apart, the basal tips of the segments have pulled loose 
from the base of the central axis on the under side of the capsule, but the strong 
apical cuticular strands and the strong curved apical beak tips inserted in the top of 
the axis still rigidly hold the segments strongly compressed together. At this time 
drying has developed a powerful rending force at the apex of each segment which 
tends to separate these into halves along the median dorsal line or suture. The final 
rupture is not that of a single suture, but a sudden rupture and release of great 
pressure along the apical dorsal side of all fifteen or sixteen segments, which split 
along a predetermined median line. The break oceurs simultaneously from the apex 
and extends downward lengthwise to or below the middle of each segment, splitting it 
practically in half. Without warning the entire capsule explodes violently, throwing 
the split segments in every direction and hurling the loose, flat seeds far away with 
great foree. The halves of the detached segments usually remain united at the base, 
but at the apex they have become widely separated to the middle at least. These halves 
may be separated at the apex as much as 11/16 to 3/4 of an inch, and cannot now be 
pinched together without the application of much foree. It is evident that each half 
of the segment has separated as if it were operating as a powerful curved spring. 
[t is thus readily understood how fifteen or sixteen of these powerful elastie springs 
simultaneously released can cause a violent report and disintegration of the entire 
pod into capsular fragments. At the moment of explosion the aggregate tension must 
have become very great in the structure. While the segments do not fly far, the thin 
flat seeds are projected great distances. There is no fruiting structure in the tem- 
perate zone that throws its seeds so far and sows them so efficiently over the country- 
side as the tropical Javilla tree. 

Ant Colonies. One of the most interesting features of the capsules of the sand- 
box tree is that every dry capsule I have examined has become the home o* a 
colony of small ants, which appear to be always the species Cremastogaster steinheili 
Forel. If such capsules are shaken or tapped, the excited insects emerging from 
openings in the apex or base swarm to the outer surface carrying their larvae and 
pupae. These openings may have been formed by natural shrinkage, or the ants 
themselves may have cut away some of the dry tissue. These ant colonies appear 
to dwell in the cavity of the segments each of which contain a single, loose, flat seed 
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at maturity. The green capsules are never attacked by the ants for the slightest cut 
or puncture is followed by a copious discharge of sticky latex. 

It is interesting that these ant colonies have chosen a house which, so long as it 
lasts, is undoubtedly dry, warm, cozy, and secure against bird or other enemies, and 
could not but promise a highly attractive dwelling for any unsuspecting, prospecting 
ant colony. However, they could have chosen no place more dangerous for their very 
existence, for at any moment it is likely to explode to bits, throwing the fifteen seg- 
ments and the fifteen seeds far and wide over the countryside. The unsuspecting 
little ant colony with eggs, larvae and pupae in an instant then disintegrates as com- 


Hura crepitans 





Fig. 1. Branch of Hura crepitans showing green fully grown pod with 14 segments. 
Staminate flower has ruptured its envelope, and pistillate flower with 13 rayed stigma 
at left. 


pletely as the Javilla capsule itself. One moment it is a well organized, happy, hope- 
ful ant colony as ant colonies go, and the next moment it is exploded out of existence, 
with all the colonial elements scattered far and wide. While it is probable that many 
of the adults may survive, there must be a tremendous loss of life among the eggs, lar- 
vae and pupae which are scattered to the four winds and are no longer solicitously 
eared for, and probably fall to the soil to be exposed to all manner of enemies and 
unfavorable conditions. If these surviving ants could think it would be a strange 
experience to find themselves suddenly no longer an efficiently organized ant 
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eolony, but merely a host of separated individuals scattered and lost by unknown 
forees in an unfamiliar world. Literally their little world has actually exploded out 
of existence. Not merely one but every individual colony that has chosen a dry 
Javilla capsule has already or will quite surely be suddenly destroyed forever. 

[t is not for men with their vaunted superior freedom and intelligence to 
condemn the ants for their unhappy lack of reason in this choice of a home, however. 
Humans quite as persistently plant their homes, families and communities near or 
even upon the sides of dangerous smouldering voleanos or in low coastal areas and 
river valleys which sooner or later will be visited by great storms, tidal waves or 
floods. There is a vast difference between humans and ants, however, in relation to 
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Fig. 2. Leaf, pods, seeds, spines, staminate flower cluster, and sections of dry pods 
after expulsion. Green pod, right; dry black pod ready to explode, left. Both pods have 
15 sections each containing a single flat seed. 


these catastrophic visitations. Humans know from previous observation and ex- 
perience that certain places are unquestionably danger spots, yet they soon forget 
the past and return to these well knowing that their security is only a temporary one. 
The poor ants can never profit by such experiences in their associations with the 
capsules of the sandbox trees. Whereas following destruction of human families and 
communities by voleanic or other catastrophies, every surviving individual strives to 
seek his friends and relatives and to reestablish his former family and community ties 
again, the tiny ants can never do this. Their particular family, social and communal 
life in an instant has been exploded apart and ended forever. 

There are many recorded instances of happier adjustments between ant colonies 
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and plant structures where the ants have chosen cavities in permanent thorns, woody 
tubers, ete., in which to dwell, but the capsules of the sandbox tree must always 
ultimately destroy them. 

William Morton Wheeler has written much interesting information on the 
subject of ants in their adjustments to plants. One of these papers “An Ethological 
Study of Certain Maladjustments in the Relations of Ants to Plants,’ Am. Mus. 
Nat. Hist. 22, Article 24, pp. 403-418, 1906, diseusses this phase of ant life interest- 
ingly. In this paper he shows how a certain species of mound-building ants, Formica 
exrsectoides, in this country has its huge mounds invaded and destroyed ultimately 
by certain vigorous-growing species of mosses. He also mentions how an ant 
Cremastogaster lineolata builds its beautiful carton nests or earthen tents over herds 
of aphids, coeeids, ete., to protect them, yet unwittingly place their own nests in the 
dead leaves of the designing pitcher plant, Sarracenia purpurea, whose wells in the 
living leaves filled with water and digestive fluids drown them by thousands. 

Wheeler calls these instances imperfect adaptations or maladjustments, but | 
cannot wholly subscribe to this philosophical eoneept. So long as the pods of the 
sandbox tree remain intact, it appears to be a very happy adjustment for the ant 
colony. I can conceive of no way by which the ants can become aware of the dangers 
to which they are exposing themselves in choosing the pods of the sandbox tree. 
Man as well as all forms of plant and animal life appears to be in quite happy ad- 
justment with the presumed permanency of our planet. If suddenly our earth were 
completely destroyed and disintegrated by some unforseen cosmie or atomic force, 
could we logically conclude that our living relations with the planet had been a 
maladjustment? Is natural death itself or old age a maladjustment of life in the 
final analysis? Since the impermanency of our planetary existence appears to be an 
outgrowth of a cosmic determinism, and the largest suns and nebulae and even the 
entire universe itself have no eternal permanency of form or arrangement, must we 
conelude that all things of existence are therefore maladjustments in the infinite 
transmutations of matter? 


Book REVIEW 


A Manual of the Penicillia. By Kenneth B. Raper and Charles Thom. 
875 pages. The Williams & Wilkins Company, Baltimore. 1949. $12.00. 

Onee again the authors did what was expected of them when they brought out this 
highly commendable companion volume to their MANUAL OF THE ASPERGILLI, published 
in 1945. To appreciate the value of this new manual one should know that Charles Thom 
began his work on these fungi in 1904 when he was assigned to investigate those molds 
involved in cheese making. As years passed he acquired a wide knowledge of industrial 
microbiology and biochemistry so that he was often called upon for advice and aid in other 
fields of industry. In 1930 he published his monograph, ‘‘The Penicillia,’’ a book which 
soon became widely known and accepted as authoritative on fungi of this complex group. 
In 1929 Kenneth Raper became associated with Thom, with the result that we were given 
their Aspergillus manual. Considering the time spent by the authors working separately 
or together we have in their new book the results of some sixty man-years intensive re- 
search. 

Needless to say the authors have drawn freely from Thom’s monograph, and from 
their Manual of the Aspergilli. In general they have continued to use the same mor- 
phological and cultural characters for distinguishng and grouping species in ‘‘Sections’’ 
and ‘‘Series.’’ Where new information has become available, additions and changes 
have been made with resulting improvement and completeness. 

The brief historical account of the Penicillia begins with Bulliard’s Mucor peni- 
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cillatus of 1790, the earliest unmistakable Penicillium. In addition to chapters on general 
diagnosis, synonymy, cultivation and preservation of strains, there is an excellent chapter 
on penicillin and the development of new strains by way of mutations to obtain higher 
production of this antibiotic. 

In the preparation of this manual the authors have studied in culture some 4,000 
strains, many of which they obtained from investigators in various countries of the 
world. Particular strains referred to by number in the Manual have been lyophilized and 
are no doubt all available to specialists in this field. 

When Thom’s Penicillia was published, the sexual or ascocarpie stage of only five 
recognized species was known. Since then the full life histories of fourteen additional 
species have been worked out. The authors in their general considerations as well as in 
their species diagnoses have now included descriptions of perithecial initials, methods of 
origin of asci and the particular type of the ascocarpie fruit body itself. They realize 
that without complete life histories of a much larger number of species, nothing prac- 
tical would be gained by formulating definite classes or genera based on ascocarpie 
stages alone. They make full use, however, as specific characters, of morphological 
features involved in sexual reproduction, especially in the P. lutewm, P. javanicum and 
Carpenteles series. It is interesting to see that several of those species with more or less 
sclerotioid perithecia have the same type of seemingly non-ascogonial primordia, and that 
the asci are borne on side- or end-branches, and not in chains, as is characteristic of most 
species in the P. leuteuwm series. It is pointed out, however, that the asci of the series type 
species P. leutewm itself, are not in chains, but are borne separately on fertile branches 
as originally figured by Zukal and later by Emmons. 

The Manual clears up much of the uncertainty, long existing, regarding P. vermicu- 
latum Dangeard which has at times been confused with P. luteum and P. wortmanni., 
It is now recognized that Dangeard’s species is easily distinguished from all others by 
its peculiar perithecial primordia. Particularly illuminating in this respect are the 
authors’ discussions of other members of the P. luteum series, eleven species of which 
are ascosporic. Some years ago Derx reported tests which seemed to indicate that 
P. luteum is heterothallic. The authors point out that no one has ever been able to con- 
tirm Derx. All strains of P. lutewm which they and Emmons have cultured are homo- 
thallic as are all other aseorporie species of Penicillium so far cultured critically. 

The methods of conidium formation have been studied by the authors. Mycologists 
familiar with Thaxter’s Phialophora and with the formation of microconidia (‘‘sper- 
matia’’) of certain other ascomycetes, will be interested in the authors’ Fig. 12, C, and C,, 
which shows that in P. tardum the conidia originate in the cup-like ends of the sterigmata 
or phialides. We are apt to look too often upon such structures morphologically and fune- 
tionally as male. 

Another excellent feature of the Manual is the way the authors handle species 
synonymy. Instead of arbitrarily ‘‘throwing species into synonymy’’ they give all known 
pertinent facts in formal discussions to show why they are unable to consider those in 
question as distinct species. For example, under P. frequentans they discuss fully each of 
ten named ‘‘species’’ which they cannot distinguish from authentic strains of P. fre 
quentans. Under P. spinulosum they give all their reasons for considering thirteen named 
species as synonyms of this species. 

It is gratifying to follow their discussion of P. glaucum of older authors, the fungus 
so elaborately illustrated by Brefeld in his remarkable study. Brefeld’s account has been 
accepted by many as correct for the Penicillia in general. However, our authors point out 
that no species has ever been found that has all the morphological features figured by 
Brefeld, namely, (1) a pair of intertwined corkscrew perithecial initials; (2) asei in 
chains; (3) sclerotioid type of ascocarp; (4) the striking penicillus characters shown 
in his illustrations. 

In addition to morphological features, biochemical and cultural characteristics are 
held to be important. Czapek’s media are now standard for culturing Penicillia, but the 
strain in question is often grown also on malt agar, corn-meal agar, as well as steep agar, 
where constant differences in colony and color characters, direct and reverse, are noted. 
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Mention is also made in the text of any chromogenesis indicated by the spread of a color 
beyond the colony limits out into the medium, an example of which is well illustrated in 
Plate X. 

There are in all 172 text figures, mostly full-page, several half-tones and line 
drawings being grouped together in a single figure. The drawings by Miss Dorothy Fen- 
nell showing growth habit, penicillus characters, sterigmata and conidial patterns, are 
all clear cut and accurate. The ten plates in color showing colony culture features of 
thirty species are outstanding. Since the plate legends are very brief, one should always 
consult text decriptions. Plate I shows a colony of P. notatum, beside cf a multicolored 
colony of a mutant. In the chapter on penicillin Plate II shows colonies of three dif- 
ferent substrains of P. chrysogenum. Above are colonies of the original strain obtained 
from the now famous cantaloupe. Below are colonies of two mutants which were found 
better producers of the antibiotic. P. notatum, the species used by Fleming in his historie 
work on penicillin, was described in 1911 by Westling. It is closely related to P. chryso- 
genum described by Thom in 1910. Strains of the latter have been found to be the best 
producers of penicillin. Both species, beautifully illustrated, are included in the same 
series along with two other distinct species. Four others inseparable from P. chryso- 
genum are discussed fully. 

Numbers of species of fungi having a penicillium-like conidial stage have fre- 
quently been classed as true Penicillia. Our authors discuss many such fungi in an 
important chapter: Gliocladium, Paecilomyces and Scopulariopsis. The ascocarpic stage 
is not known for any species of Gliocladium. The question is raised as to whether the 
antibiotic gliotoxin is produced by a species of Trichoderma and not by a true Glio- 
cladium. 

Another important nomenclatorial question is raised when they say: ‘‘There ap- 
pears to be no question but that Paecilomyces varioti Banier and Byssochlamys fulva 
Oliver & Smith represent conidial and aseorearpie phases respectively of the same fun- 
gus.’’ They conclude that not enough is known of species in either genus to warrant 
combining the descriptions or recognizing one species above the other. 

Penicillium brevicaule Sace. was made the type of a new genus Scopulariopsis by 
Banier in 1907. This is the arsenic tester fungus which is also familiar to all dermatolo- 
gists. About a hundred names of species of this new genus have been added in recent 
years. The ascorearpic stage of several of them has been proved to be a Microascus, 
which is certainly far from being related to a Penicillium. 

For those interested in the physiology and biochemistry of the Penicillia and related 
fungi the Topical Bibliography will be welcomed. Chapter XVI contains in 46 pages 
a selected list of leading contributions dealing with the activities and applications of the 
Penicillia as these relate to agriculture, industry and academic problems. This is fol- 
lowed by a general bibliography of 40 pages. For the taxonomist or monographer the 
check list of species and genera is most valuable because here are mentioned briefly, with 
citations, all generic names (25) and about 750 species names found applied to Peni- 
cillia. In a few words we have the mature judgments of the authors on each genus and 
species in these lists. Finally there follows the list of the 142 species that are accepted 
as true Penicillia. All other species names are rejected as either synonymous, invalid 
or indeterminable. Among species names rejected as ‘‘meaningless or almost so,’’ we 
find Penicillium glaucum and P. crustaceum! 

The authors have been most meticulous throughout in acknowledging published con- 
tributions of others and eultures of hundreds of strains from persons who have been 
interested in the Penicillia or have themselves cultured these fungi. A liberal subsidy 
to assist in carrying on this work was made available by The George F. Baker Trust 
through the National Science Fund of the National Academy of Sciences. Chas. Pfizer & 
Company, Inc., Brooklyn, N. Y., underwrote the cost of reproducing the beautiful 
natural-color photographs for the ten plates. It is not an overstatement to say that this 
volume is more than a monograph, more than a manual. So far as the Penicillia and 
related fungi are concerned it is cyelopedic.—B. O. Doper, The New York Botanical 
Garden. 
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ALGAE 
(See also under Fungi: Doty) 

Davis, Charles C. Observations of plankton taken in marine waters of Florida 
in 1947 and 1948. Quart. Jour. Fla. Acad. 12: 67-103. Je 1949 [1950]. 

Dawson, E. Yale. A giant new Codium from Pacific Baja California. Bull. 
Torrey Club 77: 298-300. Jl 1950. 

Gardner, Gérard. Algues, lichens, mousses, hépatiques récoltés au Labrador, & la 
Baie d’Hudson, 4 la Baie James et dans le Manitoba-Nord, en 1930, 1933, 
1937, 1938 et 1939. Mém. Soe. Bot. Fr. 1949: 74-94 [1950]. 

King, Joseph E. A preliminary report on the plankton of the west coast of 
Florida. Quart. Jour. Fla. Acad. 12: 109-137. Je 1949 [1950]. 

Wood, R. D. Braun’s ‘‘Fragment’’ and the nomenclature of the Characeae 
—II. Nitella mucronata. Bull. Torrey Club 77: 181-186. My 1950. 


BRYOPHYTES 
(See also under Algae: Gardner) 
Clark, Lois & Bohlen, Anne. Porella elongata. Bryologist 52: 194-196. D 
1949. 
Clark, Lois & Davies, Una V. Porella divergens. Bryologist 52: 188-190. D 
1949. 
Crum, H. A. The discovery of fruiting Gymnostomella orcutti in Mexico. 
Bryologist 52: 208-211. D 1949. 
Frye, T. C. Atrichum selwyni and remarks about related species. Bryologist 
52: 201-207. D 1949. 
Frye, T. C. Atrichum xanthopelma. Bryologist 52: 191-194. D 1949. 
Jacobs, D. L. Two new Riccias from Georgia. Bryologist 52: 167-172. D 1949. 
Kucyniak, J. A list of bryophytes collected in the George River District Quebec. 
Bryologist 52: 173-187. D 1949. 
Schuster, R. M. Ecology and distribution of hepaticae in central and western 
New York. 1-201. Notre Dame, Ind. 1949. 
Statler, S. S. Further study on the liverworts of Henry County, Iowa. Proe. 
Iowa Acad. 56: 179-181. [J1 1950}. 
Thatcher, E. P. Bryophytes of an artificially illuminated cave. Bryologist 52: 
212-214. D 1949. 
FUNGI 
(See also under Algae: Gardner; under Genetics; Wheeler) 
Baxter, Dow V. Some resupinate polypores from the region of the Great Lakes. 
XX. Pap. Mich. Acad. 34(1948)1:; 41-56. pl. 1-5. |J1] 1950. 
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Brodie, H. J. Notes on two little known bird’s nest fungi [Cyathus] from south- 
ern United States. Mycologia 42: 182-190. Ja—F 1950. 

Couch, J. N. Actinoplanes, a new genus of the Actinomycetales. Jour. Elisha 
Mitchell Soe. 66: 87-92. pl. 10-12. Je [J1] 1950. 

Cummins, George B. The genus Scopella of the Uredinales. Bull. Torrey Club 
77: 204-213. My 1950. 

Darrow, Robert A. The arboreal lichen flora of southwestern Arizona. Am. 
Midl. Nat. 43: 484-502. Mr [Je] 1950. 
Doty, Maxwell, S. Nomenclatural principles and rules in reference to certain 
fungal and algal generic names. Lloydia 13: 1-28. Mr [J]] 1950. 
Drechsler, C. Several species of Dactylella and Dactylaria that capture free- 
living nematodes. Mycologia 42: 1-79. Ja—F 1950. 

Ellis, D. E. & Clayton, C. N. Studies on Mycosphaerella rosigena. Jour. 
Elisha Mitchell Soe. 66: 35-40. pl. 9. Je [Jl] 1950. 

Fisher, F. E. Two new species of Hirsutella Patouillard. Mycologia 42: 290- 
297. Mr—Ap 1950. 

Johnson, T. W. A study of an isolate of Brevilegnia from New Caledonia. 
Mycologia 42: 242-252. Mr—Ap 1950. 

Karling, John S. The genus Physoderma (Chytridiales). Lloydia 13: 29-71. 
Mr [Jl] 1950. 
Kitzke, Eugene D. Two members of the Aecrasieae isolated in Milwaukee 
County, Wisconsin. Pap. Mich. Acad. 34(1948)1: 13-17. [Jl] 1950. 
Lentz, P. L. Concerning the authorship of Marssonia. Mycologia 42: 331, 332. 
Mr—Ap 1950. 

Lentz, P. L. The genus Marssonia on Quercus and Castanea. Mycologia 42: 
259-264. Mr—-Ap 1950. 

Lowy, Bernard. Hysteriales of Iowa. Proc. Iowa Acad. 50: 147-157. [J] 1950] 

Morrow, Jean & Shaver, Keith. A continuation of the study of the Myxomycetes 
in the vicinity of Mt. Pleasant, Iowa. Proce. Iowa Acad. 56: 159, 160. 
[Jl 1950}. 

Pendergrass, W. R. Studies on a plasmodiophoraceous parasite Octomyxra 
brevilegniae. Mycologia 42: 279-289. Mr—-Ap 1950. 

Riddell, R. W. Permanent stained mycological preparations obtained by slide 
culture. Mycologia 42: 265-270. Mr-Ap 1950. 

Shanor, L., Portras, A. W. & Benjamin, R. K. A new genus of the Choane- 
phoraceae. Mycologia 42: 271-278. Mr—Ap 1950. 

Smith, A. H. Concerning the conservation of the name Rhodophyllum. Myco- 
logia 42: 330, 331. Mr—Ap 1950. 

Smith, A. H. A note on Naucoria enyosotis. Mycologia 42: 332-324. Mr—Ap 
1950. 

Thirumalacher, M. J. Some noteworthy rusts. III. Mycologia 42: 224-232. 
Mr—Ap 1950. 

Thomson, John W. The species Peltigera of North America north of Mexico. 
Am. Midl. Nat. 44: 1-68. J] 1950. 


PTERIDOPHYTES 
Neill, Julian. /soetes melanopoda still grows in Illinois. Am. Midl. Nat. 44: 
251. Jl 1950. 
Radford, A. E. Notes on Jsoetes in North Carolina. Jour. Elisha Mitchell Soe. 
66: 84-86. Je [Jl] 1950. 
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Shaver, J. M. A new fern, Cystopleris tennesseensis sp, nov., from Tennessee. 
Jour. Tenn. Aead. 25: 106-113. Ap 1950. 

Shaver, J. M. A study of Tennessee ferns belonging to the genera Phegopteris, 
Polystichum, and Cystopteris. Jour. Tenn, Acad, 25: 96-104. Ap 1950. 

Shaver, J. M. Tennessee ferns of the Woodsia group. Jour. Tenn. Acad. 25: 
141, 142. Ap 1950, 


SPERMATOPHYTES 

Adams, H. H. Size, shape and color in Cattleyas. Am. Orchid Soe. Bull. 19: 
129-131. Mr 1950. 

Anderson, J. P. A comparison of the flora of Lowa with that of Alaska and 
Yukon. Proce. lowa Aead. 56: 101-103. [JI 1950}. 

Backeberg, C. Marenopuntia gen. nov., a northern counterpart of Pterocactus, 
the southernmost Cactus. Des. Pl. Life 22: 27, 28. Mr 1950. 

Backeberg, C. The southernmost representatives of the Cactaceae. Des. Pl. 
Life 22: 17, 20. F 1950. 

Bailey, L. H. Rubus. In: Woodson, R. E. et al. Flora of Panama Part V Fase. 
2. (Resedaceae to Leguminosae, in part). Ann. Mo. Bot. Gard. 37: 154- 
159. 24 Je 1950. 

Bartholomew, Elizabeth Ann. The family Hypericaceae in West Virginia. 
Castanea 15: 102-109. Je 1950. 

Beane, Lawrence. Two new Castillejas from Huntington Lake, Fresno County, 
California. Contr. Dudley Herb. 4: 37, 38. pl. 6. 10 J1 1950. 

Blake, 8S. F. A new combination in Erigeron. Leafl. West. Bot. 6: 71. 7 J] 1950. 

Brown, Robert G. Notes on grasses collected in Alaska and adjacent Canada. 
Proc. lowa Acad. 56: 107-112. [J1 1950}. 


Cheesman, E. E. Classification of the bananas. ILI. Critical notes on species. 
Kew Bull. 19501; 27-31. pl. 1. 1950. 

Core, E. L. & Davis, H. A. Additions to the Catalogue of the vascular plants 
of West Virginia. VII. Proc. W. Va. Acad. 21: 52-56. 1949. 

Covas, Guillermo. Observaciones sobra la taxonomia de Hordeum vulgare L., 


formas relacionadas. Revista Argent. Agron. 17: 73-77. Je 1950. 

Cross, Frank C. Notes on two adventive plants of the Washington, D. C., area. 
Rhodora 52: 183, 184. 18 J] 1950. 

Cuatrecasas, José. Contributions to the flora of South America. Studies on 
Andean Compositae—I. Studies in South American plants—II. Fieldiana: 
Bot. 27: 1-112. 8 Je 1950. 

Dansereau, Pierre. Flora and vegetation of the Gaspé Peninsula. Wild Flower 
26: 26-40. Ap 1950. 

Davis, G. Orquideas mexicanas. Soc. Bot. Mex. Bol. 10: 16-25. Ap 1950. 

Duncan, Wilbur H. Preliminary reports on the flora of Georgia. 2. Distribu 
tion of 87 trees. Am. Midl. Nat. 43: 742-761. My [J1] 1950. 

Duncan, Wilbur H. Stamen-numbers in Cuphea, Rhodora 52: 185-188. Au 
1950. 

Duncan, Wilbur H. Synonymy in Viburnum obovatum and V. cassinoides. 
Rhodora 52: 179-183. 18 Jl 1950. 

Dunn, H. A. Huntleya burtii, orchids of Panama. Am. Orchid Soe. Bull. 19: 
147, 148. Mr 1950. 

Dyer, R. A. A review of the genus Brunsvigia. Plant Life 6: 63-83. 1950. 

Eastwood, Alice. The flora of the Nob Hill cobblestones. San Franciseo in 


the 1890’s. 1-8. 1950. 
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Fassett, Norman C. The juvenile state of Elymus canadensis. Am. Midl, Nat. 
43: 762. My [J1l] 1950. 

Fernald, M. L. Adiantum capillus-veneris in the United States. Rhodora 52: 
201-208. Au 1950. 

Fernald, M. L. The hybrid of Lysimachia terrestris and L. thyrsiflora. Rhodora 
52: 199-201. Au 1950. 

Fernald, M. L. Need for caution regarding certain collections. Rhodora 52: 
175-179. 18 Jl 1950. 

Fernald, Merritt Lyndon. Gray’s Manual of botany. Eighth (Centennial) 
edition— illustrated. A handbook of the flowering plants and ferns of the 
central and northeastern United States and Canada. i-lxviv, 1-1632. Am. 
Book Co. New York. 1950. 

Ferris, Roxana 8S. A new species of Abronia from Baja California, Mexico. 
Contr. Dudley Herb. 4: 32-34. pl. 4, 5. 10 Jl 1950. 

Gates, Burton N. An electrical drier for herbarium specimens. Rhodora 52: 
129-134. Je [31 My] 1950. 

Goodman, George J. A new variety in Eriogonum rotundifolium. Leafl. West. 
Bot. 6: 71. 7 Jl 1950. 

Goodman, George J. A new variety in Saxifraga. Rhodora 52: 183. 18 Jl 1950. 

Hanes, Clarence H. Additions to the flora of Kalamazoo County, Michigan. 
Pap. Mich. Acad. 34(1948)1; 9-12. pl. 1-4. [Jl] 1950. 

Harper, Roland M. A statistical summary of the flora of Texas. Bull. Torrey 
Club 77: 192-203. My 1950. 

Hawkes, Alex D. Algunas notas sobre la vegetacién de Cayo Coco. Revista Soe. 
Cub. Bot. 6: 34-37. F—Mr 1949 [My 1950]. 

Herre, H. Euphorbia superana Nel., spee. nov. Desert Pl. Life 23: 15, 16. 
F 1950. 

Hodgdon, A. R. & Krochmal, Stanley. Range-extension and -clarifications in 
New Hampshire. Rhodora 52: 160-164. Je [31 My] 1950. 

Holttum, R. E. On variability in wild orchids and its implication. Am. Orchid 
Soc. Bull. 19: 120-122. Mr 1950. 

Howell, John Thomas. Carex Sheldonii in the Sierra Nevada. Leafl. West. 
Bot. 6: 72. 7 Jl 1950. 

Howell, John Thomas. An earlier publication of Polypogon semiverticillatus. 
Leafil. West. Bot. 6: 72. 7 Jl 1950. 

Howell, John Thomas. Marin fiora postscripts. Leafl. West. Bot. 6: 69, 70. 
7 Jl 1950. 

Howell, John Thomas. Plant types in the herbarium of the California Academy 
of Seiences. IV. Wasmann Jour. Biol. 8: 119-126. 1950. 

Howell, John Thomas. A year with Pityopus. Leafl. West. Bot. 6: 57-61. 7 J! 
1950. 

Felso, Leon. A flora of Alaska. Biol. Leafl. 40A: 1, 2. 10 J] 1950. 

Lepage, E. Une variété nouvelle de 1’Alnus crispa (Ait.) Pursh. Nat. Canad. 
77: 44-46. Ja—F 1950. 

McClintock, Elizabeth. Saxifrageae. In: Woodson, R. E. et al. Flora of Panama 
Part V Fase. 2. (Resedaceae to Leguminosae, in part). Ann. Mo. Bot. 
Gard. 37: 137-143. 24 Je 1950. 

McVaugh, Rogers. Rosaceae. In: Woodson, R. E. et al. Flora of Panama Part 


V Fase. 2. (Resedaceae to Leguminosae, in part). Ann. Mo. Bot. Gard. 
37: 147-177, 24 Je 1950. 
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Manning, Wayne E. Key to the hickories north of Virginia with notes on 
the two pignuts, Carya glabra and C. ovalis. Rhodora 52: 188-199. Au 
1950. 

Merrill, E. D. A brief survey of the present status of Bornean botany. Webbia 
7: 309-324. 1950. 

Merrill, E. D. On the synonymy of Jossinia reinwardtiana (Blume) Blume. 
Jour. Arnold Arb. 31: 329-333. 13 Jl 1950. 

Merrill, E. D. Unlisted technical plant names in the published works of L. Oken 
(1841) and J. S. Presl (1846). Jour. Arnold Arb. 31: 264-287. 13 Jl 
1950. 

Moldenke, Harold N. New and interesting records. Il. Am. Midl. Nat. 43: 
762, 763. My [Jl] 1950. 

Moldenke, Harold N. Two new species of Aegiphila from Brazil. Bol. Mus. 
Nac. [Rio de Janeiro] Bot. 12: 1-3. 2 pl. 22 Ap 1950. 

Moran, Reid. Whence Sedum pinetorum Brandegee? Leafl. West. Bot. 6: 62, 
63. 7 Jl 1950. 

Myers, James C. The genus Hieracium in West Virginia. Castanea 15: 92-101. 
Je 1950, 

Palmer, Ernest & Steyermark, Julian A. Notes on Geocarpon minimum Mack- 
enzie. Bull. Torrey Club 77: 268-273. J] 1950. 

Peck, Morton E. /mpatiens Roylei Walp. in Quebec. Leafl. West. Bot. 6: 72. 
7 Ji 1950. 

Petetin, Carlos A. Dos especie de Cynosurus adventicias en la Argentina. Re 
vista Argent. Agron. 17: 83-88. Je 1950. 

Pixler, Virginia Armstrong. The Caprilfoliaceae of West Virginia. Castanea 
15: 80-91. Je 1950. 

Polunin, N. North-west Passage plants in the Scott Polar Research Institute. 
Canad. Field-Nat. 64: 45-51. Ja—F 1950. 

Porsild, A. E. Five new Compositae from Yukon-Alaska. Canad. Field-Nat. 
64: 43-45. Ja-F 1950. 

Porsild, A. E. The genus Antennaria in northwestern Canada. Canad. Field 
Nat. 64: 1-25. Ja—F 1950. 

Raymond, M. Quelques entités mineures nouvelles de la flora du Québec. |. 
Nat. Canad. 77: 55-71. Ja—F 1950. 

Reeder, John R. New and noteworthy Gramineae from New Guinea. Jour. 
Arnold Arb. 31: 320-328. 13 Jl 1950. 

Rickett, H. W. & Camp, W. H. The application and use of botanical names. 
Bull. Torrey Club 77: 245-261. J1 1950. 

Rollins, Reed C. The guayule rubber plant and its relatives. Contr. Gray Herb. 
172: 1-73. 10 Je 1950. 

Rousseau, Jacques. Le voyage d’André Michaux au lace Mistassini en 1792. 
Mém. Jard. Bot. Montréal 3: 1-34. 1948. 

Sandwith, N. Y. Contributions to the flora of tropical America: LI. On two new 
Euphorbiaceae of British Guiana. Kew Bull. 19501: 133-136. 1950. 
Schubert, Bernice G. Desmodium: Preliminary studies III. Rhodora 52: 135- 

155. Je [31 My] 1950. 

Shinners, Lloyd H. Sidelights from zoology on botanical nomenclature. 
Rhodora 52: 156-160. Je [31 My] 1950. 

Smith, A. C. Studies on Pacific Island plants, VII. Further notes on Fijian 
flowering plants. Jour. Arnold Arb. 31: 288-319. 13 J1 1950. 
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Smith, Lyman B. A new Puya from Bolivia. Jour. Wash. Acad. 40: § 
15 Jl 1950. 

Smith, Lyman B. & Schubert, Bernice G. Additions to the flora of Ecuador: 
Begoniaceae. Lloydia 13: 85-87. Mr [Jl] 1950. 

Smith, William Wright & Fletcher, H. R. Additions and corrections to the 
genus Primula (up to and including 1949). Trans. & Proc. Bot. Soe. 
Edinburgh 35: 180-202. 1950. 

Strausbaugh, P. D. Branched spikes of Plantago Rugelii Decaisne. Castanea 
15: 110. Ja 1950. 

Tomasi, J. A. de. Laelia crispa Reichenb. f.; portraits of botanical orchids. 
Am. Orchid Soe. Bull. 19: 134-136. Mr 1950. 

Traub, H. P. Zephyranthes albiella. Plant Life 6: 51-53. 1950. 

Turrill, W. B. Character combinations and distribution in the genus Fritellaria 
and allied genera. Evolution 4: 1-8. Mr 1950. 

Uitwaal, A. J. A. Astroloba dodsoniana Uitew. spec. nov. Desert Pl. Life 
22: 29-31. Mr 1950. 

Van Royen, P. Podostemonaceae. In: Woodson, R. E. et al. Flora of Panama. 
Part V Fase. 2. (Resedaceae to Leguminosae, in part). Ann. Mo. Bot. 
Gard. 37: 124-137. 24 Je 1950. 

Voss, Edward G. Observations on the Michigan flora. III. The flora of Green 
Island (Mackinac County). Ohio Jour. Sei. 50: 182-190. J1 1950. 

Wagnon, H. Keith. Three new species and one new form in Bromus. Leaf. 
West. Bot. 6: 64-69. 7 J] 1950. 

Waterfall, U. T. Some results of a third summer’s botanizing in Oklahoma. 
Rhodora 52: 165-175. 18 Jl 1950. 

Whitaker, T. W. & Bohn, G. W. The taxonomy, genetics, production and uses 
of the cultivated species of Cucurbita. Econ. Bot. 4: 52-81. Ja—Mr 1950. 

Wiggins, Ira L. Taxonomic notes on plants from the Sonoran desert. Contr. 
Dudley Herb. 4: 13-28. pl. 1-3. 10 Jl 1950. 

Winterringer, Glen S. A new orchid for Illinois. Am. Midl. Nat. 43: 763. My 
[Jl] 1950: 

Woodson, Robert E., Shery, Robert W. et al. Flora of Panama Part V Fase. 
2. (Resedaceae to Leguminosae, in part). Ann. Mo. Bot. Gard. 37: 121- 
134. 24 Je 1950. 

Xavier Moreira, Alvaro. ContribuicAéo ao estudo da familia Compositae. Bol. 
Mus. Nac. [Rio de Janeiro] Bot. 11: 1-5. pl. 1-9. 30 Au 1949. 

Yuncker, Truman G. The Cuban species of Peperomia. Revista Soc. Cub. Bot. 
6: 5-33 F—Mr 1949 [My 1950}. 


ECOLOGY AND PLANT GEOGRAPHY 


Billings, W. D. Vegetation and plant growth as affected by chemically altered 
rocks in the western Great Basin. Ecology 31: 62-74. Ja 1950. 

Bryam, George M. & Doolittle, Warren T. A year of growth for a shortleaf 
pine. Ecology 31: 27-35. Ja 1950. 

Core, Earl L. Notes on the plant geography of West Virginia. Castanea 15: 
61-70. Jl 1950. 


Curtis, John T. & Partch, Max L. Some factors affecting flower production in 
Andropogon gerardi. Ecology 31: 488, 489. J] 1950. 

Dowdy, W. W. A community study of an oak-hickory association with special 
reference to invertebrates. Am. Midl. Nat. 43: 667-695. My [Jl] 1950. 
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Gardner, J. L. Effects of thirty years of protection from grazing in desert 
grassland. Ecology 31: 44-50. Ja 1950. 

Hanson, Herbert C. Ecology of the grassland. II. sot. Rev. 16: 283-360. J] 
1950. 

Kelting, Ralph W. & Penfound, William T. The vegetation of stock pond dams 
in central Oklahoma. Am. Midl. Nat. 44: 69-75. Jl 1950. 

Miranda, F. & Sharp, A. J. Characteristics of the vegetation in certain tem- 
perate regions of eastern Mexico. Ecology 31: 313-333. J] 1950. 

Potzger, J. E. Forest types in the Versailles State park area, Indiana. Am. 
Midl. Nat. 43: 729-741. My [Jl] 1950. 

Raymond, Marcel. Esquisse phytogéographique du Québee. Mém. Jard. Bot. 
Montréal 5: 1-147. 1950. 

Steyermark, Julian A. Flora of Guatemala. Ecology 31: 368-372. Jl 1950. 


PALEOBOTANY 
Florin, Rudolf. Upper Carboniferous and lower Permian conifers. Bot. Rev. 
16: 258-282. My 1950. 
Schopf, J. M. Age of American coal-ball plants. Bot. Gaz. 111: 356, 357. Mn 
1950. 
Traverse, Alfred. The primary vascular body of Mesoxylon Thompsonii, a 
American Cordaitalean. Am. Jour. Bot. 37: 318-325. Ap [My] 1950. 


MORPHOLOGY 
(including anatomy & cytology in part) 
(See also under Plant Physiology: Burton) 

Atchison, Earlene. Studies in the Leguminosae. V. Cytological observations on 
Crotalaria. Jour. Elisha Mitchell Soc. 66: 70-75. Je [Jl] 1950. 

Berger, C. A. & Witkus, E. R. Naturally occurring polyploidy in the develop 
ment of Abizzia julibrissin Durazz. Bot. Gaz. 111: 312, 313. Mr 1950. 

Blaser, H. Weston & Einset, John. Flower structure in periclinal chimeras of 
apple. Am. Jour. Bot. 37: 297-3804. Ap |My] 1950. 

Castronovo, Alfonso & Rotaeche, Carlos E. Una nueva alteracién teratolégica 
en la flor de tomate. Revista Argent. Agron. 17: 114-119. Je 1950. 
Creasy, William D. Megagametophyte development of Scrophularia lanceolata. 

Proc. lowa Acad. 56: 121-128. pl. 1, 2. [J] 1950]. 

Gauthier, Roger. The nature of the inferior ovary in the genus Begonia. 
Contr. Inst. Bot. Univ. Montreal 66: 1-91. 31 My 1950. 

Matzke, Edwin B. In the twinkling of an eye. Bull. Torrey Club 77: 

227. My 1950. 

Millington, W. E. & Gunckel, James E. Structure and development of the veg 
etative shoot tip of Liriodendron tulipifera L. Am. Jour. Bot. 37: 326- 
335. Ap [My] 1950. 

Scott, F. M. Perforation of the surface membranes by nucleodesmata and 
plastodesmata. Bot. Gaz. 111: 252-261. Mr 1950. 

Smith, R. B. The role of mechanies in the evolution of the herbaceous plant 
stem. Bot. Gaz. 111: 262-286. Mr 1950. 

Steil, W. N. Some evidences for the interaction of tapetal and sporogenous 
cells in certain vascular plants. Bot. Gaz. 111: 300-306. Mr 1950. 
Whaley, W. Gordon & Leech, James H. The developmental morphology of the 

mutant ‘‘corn grass’’. Bull Torrey Club 77: 274-286. J] 1950. 
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Witkus, E. R. & Berger, C. A. Induced vascular differentiation. Bull. Torrey 
Club 77: 301-305. Jl 1950. 

Wylie, Robert B. Differences in foliar organization among leaves from four 
locations in the crown of an isolated tree (Acer platanoides). Proc. lowa 
Acad. 56: 189-198. [J] 1950]. 


GENETICS 
(including cytogenetics) 

Boyle, W. S. A cytological study of Festuca Kingii. Am. Jour. Bot. 37: 291- 
293. Ap [My] 1950. 

Chase, Sherret S. Spontaneous doubling of the chromosome complement in 
monoploid sporophytes of maize. Proc. lowa Acad. 56: 113-115. [J] 1950}. 

Covas, Guillermo. Hibridacién interspecifica en Hordeum. Revista Argent. 
Agron. 17: 78-82. Je 1950. 

Fogle, H. W. & Currence, T. M. Inheritance of fruit weight and earliness in 
a tomato cross. Genetics 35: 363-380. My 1950. 

Frankel, O. H. The development and maintenance of superior genetic stocks. 
Heredity 4: 89-102. Ap 1950. 

Frankel, O. H. A polymeric multiple gene change in hexaploid wheat. Heredity 
4: 103-116. Ap 1950. 

Grant, Verne. The pollination of Calycanthus occidentalis, Am. Jour, Bot. 37: 
294-297. Ap [My] 1950. 

Griffing, Bruce. Analysis of quantitative gene action by constant parent regres- 
sion and related techniques. Geneties 35: 303-321. My 1950. 

Gustafsson, Ake & Nybom, Nils. The viability reaction of some induced and 
spontaneous mutations in barley. Hereditas 36: 113-133. 1950. 

Johnsson, Helge. On the ©, and C, generations in Alnus glutinosa. Hereditas 
36: 205-219. 1950. 

Julén, Ulla. Fertility conditions of tetraploid red clover. 1. Seed setting of 
tetraploid red clover in the presence of haploid pollen. Hereditas 36: 151- 
160. 1950. 

Khambanonda, Ian. Quantitative inheritance of fruit size in red pepper (Capsi- 
cum frutescens L.). Geneties 35: 322-343. My 1950. 

Lincoln, R. E. et al. Breeding for increased ascorbic acid content in tomatoes. 
Bot Gaz. 111: 343-353. Mr. 1950. 

Nilsson, Ernst. Some experiments with tetraploid tomatoes. Hereditas 36: 
181-204. 1950. 

Rhodes, M. M. Meoisis in maize. Jour. Hered. 41: 58-67. Mr. 1950. 

Thompson, K. F., et al. The mutagenic effect of radiophosphorus in barley. 
Hereditas 36: 220-224. 1950. 

Wheeler, H. E. Genetics of Glomerella. VIII. A genetic basis for the occurrence 
of minor mutants. Am. Jour. Bot. 37: 304-312. Ap [My] 1950. 


PLANT PHYSIOLOGY 


Aikman, J. M. Response of the multiflora rose to growth conditions in southern 
Iowa. Proc. Iowa Acad. 56: 87-94. [J1 1950]. 

Bogorad, L. Factors associated with the synthesis of chlorophyll in the dark in 
seedlings of Pinus jeffreyi. Bot. Gaz. 111: 211-241. Mr 1950. 

Burton, D. F. Anatomy of the cotton leaf and effects induced by 2,4-dichloro- 
phenoxyacetic acid. Bot. Gaz. 111: 325-331. Mr 1950. 
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Cercés, Augusto P. & Rosenblit, Adolfo. Streptomyces antibidticos aislados del 
aire y suelo de la Argentina. Revista Argent. Agron. 17: 98-105. Je 1950. 

Cochrane, Vincent W. The metabolism of species of Streptomyces. III. The 
nitrate metabolism of Streptomyces griseus. Bull. Torrey Club 77: 176- 
180. My 1950. 

Curtis, J. T. & Cottom, Grant. Antibiotic and autotoxie effects in prairie sun- 
flower. Bull. Torrey Club 77: 187-191. My 1950. 

Eaton, F. M. Influence of growth “hormones” on boll retention by cotton 
plants. Bot. Gaz. 111: 313-319. Mr 1950. 

Edson, Seton M., Thornton, Geo. D. & Smith, F. B. Antibiotic action of Strepto- 
myces albus against mold decay organisms of citrus fruits. Quart. Jour. 
Fla. Acad. 12: 105-107. Je 1949 (1950). 

Preeland, R. O. Effects of 2,4-D and other growth substances on photosynthesis 
and respiration in Anacharis. Bot. Gaz. 111: 319-324. Mr 1950. 

Gottlieb, David. The physiology of spore germination in fungi. Bot. Rev. 16: 
229-257. My 1950. 

Greulach, Victor A. & Atchison, Earlene. Inhibition of growth and cell division 
in onion roots by maleic hydrazide. Bull. Torrey Club 77: 262-267. Jl 
1950. 

Hall, W. C. Growth and development of buckwheat under differential tempera- 
ture gradients. Bot. Gaz. 111: 331-343. Mr 1950. 

Kesselring, W. H. The viability of lily pollen with a humidity variable. Proe. 
W. Va. Acad. 21: 49-51. 1949. 

Kramer, Paul J. Effects of wilting on the subsequent intake of water by plants. 
Am. Jour. Bot. 37: 280-284. Ap [My] 1950. 

Lee, Addison Earl. The growth in culture of intact seedlings and isolated 
seedling organs. Am. Jour. Bot. 37: 312-318. Ap [My] 1948. 

Lofiand, H. B. In vitro culture of the cotton embryo. Bot. Gaz. 111: 307-311. 
Mr 1950. 

McNew, George L. The natural and synthetic quinones in relation to the fune- 
tions of plants. Bull. Torrey Club 77: 294-297. J1 1950. 

Mickelson, Milo N., Gregor, Andy & Rogers, Dexter. Sugar-beet crowns as a 
substratum for fermentation processes. Pap. Mich. Acad. 34(1948)!: 
19-31. [J1] 1950. 

Newcomb, Eldon H. Tobacco callus respiration and its response to 2,4-dinitro- 
phenol. Am. Jour. Bot. 37: 264-271. Ap |My] 1950. 

Parker, M. W., Hendricks, S. B. & Borthwick, H. A. Action spectrum for the 
photoperiodic control of floral initiation of the long-day plant Hyoseyamius 
niger. Bot. Gaz. 111: 242-252. Mr 1950. 

Postlethwait, 8. N. Cupule formation on seedlings of Galinsoga ciliata (Raf.) 
Blake and Helianthus annuus L. following exposure to 2,4-Dichlorophenoxy 
acetic acid. Proce. lowa Acad. 56: 167-178. |J1 1950]. 

Postlethwait, S. N. Root-like protuberances formed on leaves and cotyledons of 
Helianthus annuus L. in response to 2,4-D treatment. Proe. Iowa Acad. 
56: 161-166. [J1 1950]. 

Raut, Caroline. Effect of concentration of pantothenate on selection of a mu- 
tant for pantothenate synthesis in Saccharomyces cerevisiae. Genetics 35: 
381-395. My 1950. 
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Steinbauer, George P. & Neal, Oliver. Dormancy and germination of seeds of 
the bur reeds, Sparganium spp. Pap. Mich. Acad. 34(1948)1; 33-37. |J1] 
1950. 

Thomson, Betty P. The effect of light on the rate of development of Avena 
seedlings. Am. Jour. Bot. 37: 284-291. Ap [My] 1950. 

Torrey, John G. The induction of lateral roots by indoleacetic acid and root 
decapitation. Am. Jour. Bot. 37: 257-264. Ap [My] 1950. 

Warmke, H. E. & Warmke, Germaine L. The role of auxin in the differentia- 
tion of root and shoot primordia from root cuttings of Taraxacum and 
Cichorium. Am. Jour. Bot. 37: 272-280. Ap |My] 1950. 

Wynd, F. F. & Noggle. G. R. Chemical composition of rye grown on different 
soil types in Ontario, Canada. Part IV. Mineral components in the plants. 
Part V. Carotene contents of the plants. Lloydia 13: 72-84. Mr [J1] 1950. 


PHYTOPATHOLOGY 

Baker, Kenneth F. & Davis, Lily H. Heterosporium disease of nasturtium and 
its control. Phytopathology 40: 553-566. Je 1950. 

Cooper, W. E. & Chilton, S. J. P. Studies on antibiotic soil organisms. 1. Acti- 
nomycetes antibiotic to Phytium arrhenomanes in sugar-cane soils of Louisi- 
ana. Phytopathology 40: 544-552. Je 1950. 

Gupta, B. M. & Price, W. C. Production of plant virus inhibitors by fungi. 
Phytopathology 40: 642-652. J1 1950. 

Hagedorn, D. J. & Walker, J. C. The relation of bean virus 2 to pea mosaic in 
Wisconsin. Phytopathology 40: 684-698. J] 1950. 

Hanson, E. W., Milliron, H. E. & Christensen, J. J. The relation of the blue- 
grass billbug, Calendra parvula (Gyllenhal) to the development of basal 
stem rot and root rot of cereals and gresses in north-central United 
States. Phytopathology 40: 527-543. Je 1950. 

Laskaris, Thomas. The Diplodia disease of Delphinium. Phytopathology 40: 
615-628. J] 1950. 

Lowther, Conley V. Chlamydospore germination in physiologic races of Tilletia 
caries and Tilletia foetida. Phytopathology 40: 590-603. Je 1950. 

Oster, Gerald. Two-phase formation in solutions of tobacco mosaic virus and the 
problem of long-range forces. Jour. Gen. Physiol. 33: 445-473. 20 My 1950. 

Reinking, Otto A. Fusarium strains causing pea and bean root rot. Phyto- 
pathology 40: 664-683. J1 1950. 

Roemblit, Adolfo. La Ascochyta de la alfalfa en la Argentina. 
Agron. 17: 89-97. Je 1950. 


Revista Argent. 


Schuster, M. L. A genetic study of halo blight reaction in Phaseolus vulgaris. 
Phytopathology 40: 604-612. Je 1950. 
Thompkins, C. M. & Middleton, John T. Control of basal rot of cuttings of 


Chrysanthemum and other ornamentals. Bull. Torrey Club 77: 287-293. 
J1 1950. 


GENERAL BOTANY 
(including Biography) 
Chase, Agnes. Henri Francois Pittier. Jour. Wash. Acad. 40: 240. 15 Jl 1950. 
Henry, M. G. An autobiography. Pl. Life 6: 11-30. 1950. 
Lemon, Paul C. Homer Doliver House, 1878 to 1949. Bull. Torrey Club 77: 
306, 307. J1 1950. 
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Norton, J. B. S. In Memoriam—J. Marion Shull, 1872-1948. Pl. Life 6: 30. 
1950. 

Polunin, Nicholas. Specific and trivial decapitalization. Bull. Torrey Club 
77: 214-221. My 1950. 

Reko, Blas P. Un zodiaco botanico.... Bol. Soc. Bot. Mex. 10: 1-15. Ap 1950. 

Rickett, H. W. John Hendley Barnhart. Bull. Torrey Club 77: 163-175. pl. 1. 
My 1950. 

Rousseau, Jacques. A travers 1’Ungava. Mém. Jard. Bot. Montréal 4: 1-131. 
1949. 
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INDEX TO VOLUME 77 


Names of contributors are printed in CAPITALS. Names of new genera, species, 


varieties, forms and combinations are printed in bold face. Numbers in italic refer to 


pages on which the name is listed as a synonym. Numbers in bold face refer to pages 
on which the name is accompanied by a description or illustration. 


Abama americana, 46 

Abies balsamea, 373, 378; 
Koreana, 409 

Acacia, 495 

Acer Negundo, 373, 374; saccharinum, 373, 
374 

Achras zapota, 204, 206 

Aconitum, 406 

Adiantum, 230; pedatum, 230 

Aeglopsis, 368, 370; Chevalieri, 368, 369, 
370, 371; Eggelingii, 370, 371 

Aesculus glabra, 373, 374 

Aetopteron, 170 

Agave, 

Agrobacterium 


concolor, 361; 


6; virginica, 5 

tumefaciens, 382 

Agrostemma, 270 

Agrostis verticillata, 64, 68, 71 

Ailanthus altissima, 373, 
224 

Albizzia julibrissin, 46 

Alethopteris, 484 

ALLARD, H. A.: The sandbox tree and its 
armament, 509 

Alliaria Alliaria, 167 

Allium, 265; cepa, 262, 266, 302, 305, 341, 
347, 373, 379, 380; neapolitanum, 498 

Aloina, 503, 504, 505, 506 

Aloina brevirostris, distribution of, 503 

Aloina brevirostris, 503, 504, 
507, 508; macrorhyncha, 
regida, 504 

Alternaria solani, 295 

Amanita, 296 

Ammoselinum, 134; Rosengurttii, 133, 135 

Amphiachyris draunculoides, 196 

Anchusa sempervirens, 497, 498 

ANDREWS, HENRY N., A fossil osmunda- 
ceous tree-fern from Brazil, 29 

Andropogon barbinodis, 66, 73; cirratus, 
66, 73; glomeratus, 47, 66, 73; Hallii, 66, 
73; ischaemum, 63, 66, 73,.74;  sac- 
charoides, 66, 73; scoparius, 66, 73; ter- 
narius, 268 

Anemia, 329, 330 

Anemone caroliniana, 269 

Anemonella thalictroides, 307 

Antennaria fallax, 191 

Anthephora, 69 


374; glandulosa, 


505, 


504, 


506, 


505: 


Antheridial branches, of 

Anthoceros laevis, 142 

Apium, 134; giganteum, 134; Popei, 134 

Aplectrum, 168 

Arabis lyrata, 408 

Araucaria brasiliana, 362 

Arenaria patula, 6 

Arisaeme stewardsonii, 409 

Aristida, 6, 69; longispica, 4; tuberculosa, 
47 

Arracacia, 136; Meyeri, 134; Schneideri, 
136 

Arthraxon, 74 

Arundinaria, 248, 385 

Arundo donax, 387; mauritiana, 387 

Asclepiadora viridis, 7 

Asclepias syriaca, 250 

Asimina triloba, 373, 374 

Aspergillus, 296; niger, 7 
308; sydowi, 77, 78, 81 

Asphodelus albus, 498 

Aster macrophyllus, 191 

Astrebla lappacea, 65, 71, 73 

Athyrium felia-foemina, 230 

Atriplex arenaria, 228; tatarica, 45 

Aucuba japonica, 292 

Avena, 230 

Axonopus, 73; furcatus, 66, 

Azalea lutea, 167 


Pythium, 442 


7, 78, 79, 


-o 
io 


Bacillus cereus, 38, 39, 40, 41, 42, 43 

Bacteria. and frenching symptoms of to- 
baeeo, 38 

Baldwin, J. T. Jr., and Bernice M. Speese: 
Aeglopsis Chevalieri in Liberia, 368 

Bamboo, sooty stripe disease of, 385 

Bambusa, 385 

Baptisia leucophaea, 269 

Barbula_ breviorstris, 505; 
505; rigida, 505 

Barnhart, John Hendley, 163 

Barnhartia, 167 

Basal rot, control of, 287 

Balilima, 168 

Bassia, 204, 208; latifolia, 210; longifolia, 
210 

Bauhinia heterophylla, 212 

Begonia, 288 


macrorhyncha, 
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’ 
BerGer, C. A.: (Review), 407 347; oleracea var. capitata rubra. 21; 
Billbergia nutans, 341, 343, 347, 349 Catolechia, 143 
BILLINGTON, CeEecIL: Shrubs of Michigan oleracea var. caulorapa, 21, 22; oleracea 


Belamcanda chinensis, 7 oleracea var. capitata, 20, 22, 25, 341, C 
ar] 


Cast 
Cast 
Cedi 
4 
Cell 
Celt 
Cenc 
Cent 
Cepi 
Cerc 
Cetr 
Cha’ 
28 
Cha 
Chai 


(Review), 407 var. caulos, 26; oleracea var. cretica, 26: 
Blechnum penna marinum, 46; spicant, 46 oleracea var. gemmifera, 20, 21, 22, 25: 
Blepharidachne, 68; bigelovii, 64, 71 oleracea var. gongylodes, 21; oleracea 
Boletus, 296 var. Pouwrettii, 19; oleracea var. rava- 
Botanical names, application and use of, caulos, 26; oleracea var. Sabauda, 20; 

945 oleracea var. suffruticosa, 19; oleracea 
Botrychium obliquum var. oneidense, 408; var. sylvestris, 19; pekinensis, 24, 25, 

virginianum, 228 96; rapa, 22, 24, 25, 341, 347; rifana, 
Botryopteris, anatomy of, 462 24: Robertiana, 19, 20: Robertiana 
Botrypteris, 462, 463, 464, 465, 466, 474, var. appenina, 20; rupestris, 25; 

479, 483, 485:americana, 475, 481, 482: sativus, 345; sagvatilis subsp. africana, 

antiqua, 463, 479, 480, 482; cylindrica, 24; saratilis subsp. nudicaulis var. 

463, 480, 482; forensis, 463, 473, 476, berberica, 24; sazatilis subsp. nudi- Cha: 

479, 480, 481, 482; Fraiponti, 479, 481, caulis var. maritima, 24; saxatilis subsp. Cha. 

482: hirsuta, 480, 482: minor, 481: muci nudicaulis var. purpurascens, 24; scopu- Chel 

laginosa, 468, 481, 482; radiata, 481; lorum, 23; sylvestris, 23; sylvestris 


? ’ Chic 
ramosa, 480, 481, 482; Renaulti, 481, subsp. incana, 23; sylvestris subsp. Chle 
483; tridentata, 481, 482; trisecta, 463, Robertiana, 23; sylvestris subsp. rupe- at 
469, 470, 479, 480, 482, 483, 484, 485 stris, 24; sylvestris subsp. sylvestris, 23; 7 


Botrytis allii, 80 sylvestris subsp. villosa, 23; Tourfortii, 
Bougainvillea, 292 20, tournefortii, 22 


Bouteloua, 69, 71, 75: brevista, 65, 71: Braun’s ‘‘Fragmente’’, 35, 181 
curtipendula, 7, 69; eriopoda, 65, 71; Breweria, 140: Pickeringii, 46 
filiformis, 65, 71; trifida, 65, 71 Bromus catharticus, 71 


Brachyelytrum erectum, 65, 69, 71, 75 Broussonetia papyrifera, 7 


Brassica, 19, 20, 23, 24, 25, 27, 347; alba, Brown, Wavrer V., A cytological study of 


25; arvensis, 24; balearica, 20, 23; cam some Texas Gramineae, 63 


pestris, 19, » > I 24, 25. 26 


; campestris Bryophyllum calycinum, 382, 383 


9° 


var. annua, 22; campestris var. autumn Bryum alexandri, 217: catharinae, 217; 
) 


alis 22; campestris var. oleifera, 26; lawersianum, 217; melwilleanum, 217 
campestris var. sarson, 26; campestris Burtt, Murray F.: (Review) 54, 309 
var. toria, 26; carinata, 24; cernua, 25; Buellia, 143 

chinensis, 24, 25; ecretica, 20, 23, 24; Bulletin on Narcotics, new journal, 143 
cretica subsp. atlantica, 23; eretica subsp. Buxbaumia sphylla, 141 


Cazzae, 24: cretica subsp. cretica, 23; Burus se mpervirens, 2999 


cretica subsp. insularis, 23, 24; cretica Byssochlamys fulva, 517 
subsp. nivea, 24; Degsnottesii, 24; fruti- 
culosa subsp. Cossoniana, 24; Hilarionis, Calapogon pulchellus, 46 


20, 23; hirta, 25; japonica, 25; juncea, Callicarpa madagascariensis, 391 
24, 25; macrocarpa, 23; montana, 19, 25; Calluna vulgaris, 497, 500, 501 
napiformis, 25; napobrassica, 25; napus, Caloplaca, 143 

19, 22, 23, 24, 25, 26; napus var. napo Caltha palustris, 307 

brassica, 25; napus var. oleifera, 26; Calvatia cyathiformis, 142 


or 92 
) 


narinosa, 25; nigra, 23, 24, 25; nippo Calycanthus, 409 


sinica, 25; oleracea, 19, 20, 23, 24, 25, Camellia japonica, 289, 292 


26, 96, 497, 501; oleracea acephala var. Camp, W. H., Francis Bacon lunches with 
vulgaris, 22; oleracea subsp. incana, 23; the Torrey Botanical Club, 146 
oleracea subsp. insularis var. Ayliesii, 24; Capsicum annuum, 373 


oleracea subsp. insularis var. corsica, 24; Careinogens, and plant growth substances, 
oleracea subsp. oleracea, 19; oleracea 110 
subsp. sylvestris, 23; oleracea subsp. vil- Carex, 140; laeviconica, 341, 349; stipata, 


losa, 23; oleracea var. acephala, 25; 269; umbellata, 269 





341, 
21; 


acea 
26: 
25; 
acea 
‘ava- 
20; 
aceéa 
25, 
ana, 
tana 
25; 
ana, 
var, 
Ludi 
ibsp. 
oO pu- 
stris 
ibsp. 
"u pe- 
, 23s 


rrtii, 


neces, 


pata, 
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Carpente les, 516 

Castanea vulgaris, 497, 498, 500, 501 

Castilleja coccinea, 269; gleasoni, 217 

Cedrus atlantica, 409; atlantica var. glauca, 
409 

Cell forms, 340 

Celtis, 384; laevigata, 384 

Cenchrus myosuroides, 66, 73, 74 

Centunculus minimus, 269 

Cephalozia connivens, 141 

Cercidiphyllum japonicum, 409 

Cetraria islandica, 408 

Chamaecyparis lawsoniana var. allumi, 
IRS 

Chamaerops humilis, 373, 378 

Chamaesyce, 248 

Chara gymnopus, 35 

Characeae, 35, 181 

Chelone glabra, 172 

Chionanthus, 409 

Chloris, 71; andropogonoides, 65, 73; cili 


ata, 65, 73: cucullata, 65, 73; 


gayana, 
65, 73; petraea, 65, 73; verticillata, 65, 
73; virgata, 65, 71, 73 

Chrysanthemum, control of basal rot in, 287 

Chrysanthemum frutescens, 292; hortorum, 
287; morifolium, 287; 

Chrysophyllum cainito, 256; sericeum, 256 

Cinchona, 406 

Cirsium discolor, 269 

Cistrus hirsutus, 498 


Citrus, 368, 370, 497; aurantifolia, 3 


fo, 
374: limonia, 373, 374; sinensis, 373, 374 

Claytonia caroliniana, 408 

Clerodendrum alboviolaceum, 392; aren- 
arium var. macrocalyx, 393, aucubifolium 
var. giganteum, 393; aucubifolium var. 
longiflorum, 393; Boivinii, 394; char- 
taceum, 394; dauphinense, 395; Ellioti, 
396; emirnense f. dentatum, 397; emir- 
nense var. diffusum, 397 

Climacium, 141, 341, 349 

Coccidioides immitis, 77 

Coccothrinax argentea, 171 

COCHRANE, VINCENT W. and JEAN E. 
Conn: The metabolism of species of 
Streptomyces. Il. The nitrate metabol- 
ism of S. coelicolor, 10 

COCHRANE, VINCENT W.: The metabolism 
of species of Streptomyces. III. The ni- 
trate metabolism of Streptomyces gri 
seus, 176 

Codium, 298; elongatum, 298; magnum, 
298, 299 

Colchicum autumnale, 495 

Coleus, 224 


Colletotrichum circinans, 294; phomoides, 
295 

Coniosporium Arundinis, 387 

Conoce phalum, 142 

Coriaria myrtifolia, 495 

Corn grass, 274 

Cornus, 374 

Corydalis flavula, 408 

Cottea, 67 

CowAN, RICHARD 8.: (Review), 232 

Crataegus, 203; arnoldiana, 218; mono- 
gyna, 497 

Cremastogaster lineolata, 515;  steinheili, 
512 

Crocanthemum, 173 

Cronartium, 229 

Crotophaga ani, 511 

Cryptomeria, 409; japonica, 361, 362 

Cryptostegia madascariensis, 212 

Cucumis sativus, 443 

Cucurbita maxima, 373, 374 

CUMMINGS, GEORGE B.: The genus Scopella 
of the uredinales, 204 

Cupressus arizonica, 373, 378 

Curtis. J. T., and Grant Cottam: Antibiotic 
and autotoxie effects in prairie sunflower, 
187 

Cyanococcus liparis, 256, 257; subcordatus, 
256; tallapusae, 256 

Cyathea, 333 

Cyathodes, 248 

Cycas, 363; revoluta, 361 

Cyndon, 248; dactylon, 65, 69, 71 

Cyperus, 373, 374 

Cypselea, 269 

Cytisus, 409 


Daboecia polifolia, 497, 498, 500 

Dactyloctenium, 68 

Daphne odora, 289, 292 

Davidia involucrata, 409 

Dawson, E. Yate: Notes on some Pacific 
Mexican Dicotyotaceae, 83; A giant new 
Codium from Pacific Baja California, 
289 

Decapitalization, specific and trivial, 214 

Delphinium virescens, 7 

Dianthus, 270; caryophyllus, 288, 292 

Dicentra cucullaria, 307, 308, 408 

Dicotyotaceae, 83 

Dicranopteris, 323, 327, 333, 338; linearis, 
324, 329, 338; pectinata, 323, 324, 325, 
330, 332, 333, 334, 338 

Dictyota, 83, 84, 86, 88, 89, $0, 92; Bing- 
hamiae, 84, 85, 86, 89, 90, 92; concrescens, 
92,93; crenulata, 83, 88; cribosa, 83, 88, 
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92; dichotoma, 83, 84, 90, 91, 92; divari 
cata, 84, 89,91; flabellata, 84, 85, 88, 89, 
90, 91, 92; hesperia, 85, 89, 92; Johns 
tonti, 84, 85, 89, 92; Kunthii, 84; 
ginata, 86; Masonii, 83, 92; 
91, 92 

Diervilla, 292 

Digitalis, 406 

Dilophus, 83, 86, 88, 92; 
86, 89: marginatus, 86, 92; Okamurai, 
83, 86, 87, 92; pinnatus, 83, 87, 92 

Diplophyllum apiculatum, 141 

Diploschistes, 143 

Diplotaxis tenuifolia, 45 

Dipteris, 336, 337 

Distichlis, 68, 74 

DopeGE, B. O.: (Review), 515 

Dolerotheca, 484 

Dracocephalum, 248 

DRESCHLER, CHARLES: A 
stout oogonial spines and coiled anther 
idial branches, 442 

Drosera rotundifolia, 47 


329; 


mar 


Vivesti, 90, 


flabe llatus, 85. 


Pythium with 


Dryopteris, Goldiana, 408; 
teris, 47 


DUNCAN, 


The lyp 


WINIFRED: Webs in the Wind 


(Review), 407 


Echinochloa, 247: colonum, 66, 73 
Echium plantagineum, 497, 500, 501 
Eleusine, 68 
Elymus, 67; 
Enkianthus, 409 


Enneapogon, 67 


interruptus, 64, 66, 71 


Epacris, 248, 249; juniperina, 248; longi 
flora, 249; longifolia, 248; pumila, 248 

Ephedra, 362; altissima, 354, 361, 362, 364 

Epilobium hirsutum, 47 

Equisetum, 363; 
230 


arvense, 373, 374; hiemale, 


Eragrostis, 68, 69, 74; 
secundifiora, 64, 71; 


beyrichii, 64, 71; 
spicata, 64, 71 
Eremochloa ophiuroides, 66, 73, 74, 75 
Erianthus, 140 
Erica, 292: arborea, 497, 500; australis, 
497, cinerea, 497, 498, 500, 501; 
umbellata, 497, 498, 500, 501 
249, 259; confinis, 249; 

lasii, 249; foliosus, 249, 256, 258, 259, 

260; nuttalii, 249; pulchellus, 191; set 

chellii, 249; stenophyllus, 249 
Erioeaulaceae, 389 
Eriocaulon candidum, 389 
Eriochloa contracta, 66, 73 


500: 


Krigeron, doug 


Erwinia carotovora, 38, 39 


Eryngium, 134 
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Erythronium 228; americanum, 307, 408 

Escherichia coli, 16, 431 

Eschscholtzia, 309; californica, 309 

Eucalyptus, 495, 497 

Euglena, and Vitamin B,., 423 

Euglena, 432, 425, 426, 427, 428, 429, 430, 
431, 432, 433, 434, 436, 437, 438, 439, 
440 ;gracilis, 423, 429; gracilis var. bacil- 
laris, 423, 439 

Euonymus atropurpureus, 373, 374; japon- 
ica, 292 

Eupatorium serotinum, 45 

194, 248; 248; 

barnhartii, 167; hexagona, 196; pulcher- 

rima, 288, 292 


Euphorbia, antiquorum, 


Evolvulus, 6; argenteus, 7 
EWAN, JOSEPH: (Review), 309 


Ficus, 212 

Field trip reports, 46, 140, 307, 408 

Fimbristylis caroliniana, 269 

Flora of Texas, 
192 


Foeniculum 1 ulgare, 139 


a statistical summary of, 


Fontinalis gigantea, 141 

Forestiera ligustrina, 5 

Formica exsectoides, 515 

Forsythia, 373, 374; viridissima, 498 
Fossil tree fern, 29 

Fossombronia, 327 


Franklinia Alatamaha, 173 


Frenching symptoms, of tobacco, 38 
Frullania, 141; plana, 141 

Fuchsia hybrida, 289, 292 

Fungus spores, 77 

289, 290 


Fusarium, 287 


Galax aphylla, 250 

Galium virgatum, 5 

GALL@E, OLAF: Natural history of 
lichens (Review), 142 

Gardenia jasminoides, 289, 292 

GATES, R. RUGGLES: 
of the cultivated 
wild relatives, 19 


Danish 


Genetics and taxonomy 


Brassicas and their 


Gentica iberica, new journal, 232 

Geneties and taxonomy, of cultivated bras- 
sicas, 19 

Geocalyx graveolens, 141 

Geocarpon, 269, 270, 271, 272 

Geocarpon minimum Mackenzie, notes on, 
268 

Geocarpon minimum, 268, 269. 

Geranium molle, 498 

Ginkgo, 354, 363, 364, 365 

Glade flora, distribution of, 1] 
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Gleichenia, 323, 325, 327, 331, 333, 336, 337, 

338; circinnata, 324, 330, 331; dicarpa, 
dichotoma, 324; flabellata, 324; 

hecistophylla, 324; laevigata, 324; pec- 
tinata, 324; polypodioides, 324, 327, 329, 
331; 333; 335; rupestris, 324, 330; vul- 
canica, 324, 325, 327, 329, 330, 331, 332, 
334, 335, 337, 339 

Gleicheniaceae, gametophyte of, 323 

Gleicheniella, 323; pectinata, 324 

Gliocladium, 517 

Glomerella cingulata, 296 

Glossophora coriaceum, 84; Kunthii, 84 

Gnetum, 354, 355, 356, 361, 362, 363, 364, 
365; africanum, 355; funiculare, 362; 
gnemon, 354, 355, 361, 362, 365; ver- 
rucosum, 362 

Gramineae, cytological study of, 63 

Greulach, Victor A. and Earlene Atchison: 
Inhibition of growth and cell division in 
onion roots by maleic hydrazide, 262 

Grindelia, 6; lanceolata, 5 

Gutierrezia, 196 

Gyalecta, 143 

Gymnocladus dioeca, 46 

Gymnosporangium, 229; juniperi-virgini- 
anae, 295 


Gypsophila, 270 


Habenaria integra, 46; nivea, 140 

Habrosia, 270 

HARPER, ROLAND M.: A statistical sum- 
mary of the flora of Texas, 192 

Hartmannia, 201 

Hectorella, 270 

Hedera helix, 292 

Helenium tenuifolium, 201 

Helianthemum, 168 

Helianthus, 187, 188, 190, 191; annuus, 112, 
341, 347; grosseserratus, 187, 188; oc- 
cidentalis, 187, 188; rigidus, 187, 188, 
189, 190: scaberrimus, 187: tuberosus, 
187, 188 

Heliotropum, 6; tenellum, 6 

Helminthosporium, 296 

Hemileia, 204, 213: holstii, 213 

Hepatica acutiloba, 408 

Herniaria, 270 

Hevea brasiliensis, 509 

Hexalectris, 168 

299 


Hicriopteris, 32 


333, 338; 
Bancroftii, 324, 325, 330, : glauca, 
324, 325, 328, 329, 330, 331, 332; volu 
bilis, 324, 325, 327, 328; 330, 332, 336 

Hilaria, 69, 75: belange ri, 5. 69, 71: 
mutica, 65, 69, 71 
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Holmskioldia angustifolia, 397; Humberti, 
398; madascariensis, 398; microcalyx 
var. glabrescens, 399; microphylla, 399; 
microphylla var. glabrescens, 400; mira, 
400; mira var. fissa, 401 

Honeys, of Spain, 495 

Houstonia patens, 6 

Hura crepitans, 509, 513 

Hydrangea arborescens, 308; paniculata 
var. grandiflora, 292 

Hydrastis, 406 

Hypericum frondosum, 5, 6 


Index to American botanical literature, 55, 
151, 233, 312, 412, 518 

Induced vascular differentiation, 301 

Inula brittanica, 45; dysenterica, 45; grave- 
olens, 45; heleniwm, 45; salicina, 45; 
viscosa, 45 

Iris, 373, 374 

Isanthus, 6 

Tseotes, 6; braunii, 140; Butleri, 5; mela- 
nopoda, 6 

Iva oraria, 46 


Javilla, 509, 512, 513, 514 

Jeffersonia diphylla, 170 

JOHNSON, MARION A.: Growth and develop- 
ment of the shoot of Gnetum Gnemon L. 
I. The shoot apex and pith, 354 

Journal of Experimental Botany, new 
journal , 308 

Jubula pennsylvanica, 141 

Juniperus communis, 373; communis var. 
montana, 378: horizontalis, 373, 378: 
virginiana, 4, 8 


Kalanchoe, 373, 374 

Kalmia latifolia, 495 

Koelreuteria paniculata, 46 

KoJAN, SELMA: Some further studies of in- 


compatibilities in Petunia awillaris, 94 


Laburnum, 409 

Lactobacillus lactis, 431: leichmannii, 431 

Lactuca, 347; sativa, 347: sativa var. 
romana, 341 

Lantana camara, 292 

Lariz leptolepis, 409 

Leavenworthia, 6, 7; aurea, 6; stylosa, 6; 
torulosa, 6; uniflora, 5 

Lecanora, 143 

Lecidea, 143: elaeochroma, 143 


Leersia, 71; lenticularis, 65, 71, 7: 


monandra, 65, 71, 73, 75 
Leiothrix echinulata, 390 





534 


Lejeunea 141 

Le ptilon canadense, 45 

Leptochloa, 68, 69; dubia, 65, 71; filiformis, 
65, 71 

Leucole jeunea, 141 

LEVINE, MICHAEL: The growth of normal 
plant tissue in vitro as effected by chem- 
ical carcinogens and plant growth sub 
stances. III. The culture of 
and tobacco stem segments, 110 

mutellinioides, 138 

Ligustrum ovalifolium, 292 


sunflower 
Ligusticum, 138; 
Lilium, 255; 


373, 374 


Limndoea 


longiflorum, 288; ttigrinum, 


arkansana, 65, 68, 71 

Linaria vulgaris, 95 

Liparis liliifolia, 46 

Liriodendron, 364 

Listera australis, 308 

Lithospermum prostratum, 497 

Lobelia Gattingeri, 6; leptostachys, 6; spi- 
cata var. leptostachys, 6 

Loeflingia, 271 

Lonicera 
498 


Lotus corniculatus, 45 


canadensis, 408; pericymenum, 


Lucuma caimito, 211 

Lupinus alba, 364 

Luzula saltuensis, 408 

Lyallia, 270, 272 

Lynchnis, 270 

Lycopersicon esculentum, 383 

Lycopersicum esculentum, 373, 374 

Lycopodium, 229, 363; adpressum 47; an 
notinum, 408: 408; 
chyum, 408 

Lygodium, 329; palmatum, 46, 335 


clavatum, trista 


McNew, Grorce L.: The natural and syn- 
thetic quinones in relation to the fune- 
tions of plants, 294 

Macromitrium elizabethace 

Magnolia, 253, 255; acuminata, 249, 409; 
glauca, 249, 258; grandiflora, 249; tri- 


O17 
, 217 


petala, 249, 409; 
258, 260; virginiana var. acuminata, 249; 


virginiana, 249, 255, 

virginiana var. foetida, 249; virginiana 
var. glauca, 249; virginiana var. grisea, 
249; virginiana var. tripetala, 249 

Mahonia swaseyi, 436 

Maleic hydrazide, effect on onion root, 262 

Malus pumila, 373, 374 

Mamy, Sergius H., and Henry N. Andrews, 
Jr.: A contribution to our knowledge of 
the anatomy of Botryopteris, 462 

Manihot utilissima, 509 
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Manisuris, 74 

Maravalia, 212; ascotela, 213 

Marchantia, 142 

MATHIAS, MILDRED E., and LINCOLN Con- 
STANCE: Umbelli- 
ferae, 133 

Matonia, 336 

MATSKE, EpwIn B.: In the twinkling of an 
eye, 222; (Review), 407 

Medullosa, 485; Noei, 484 

Melica, 68, 74 

Members of Torrey Botanical Club (Sup- 
plement to list published July 1948), 48 

Memnoniella echinata, 108 


Four new American 


Mesembryanthemum, 270 

Metabolism, of earbohydrates by Neuro- 
spora, 103 

Micranthes virginiensis, 408 

Microascus, 51 7 

Microcyas, 363 

Microle pidozia sylvatica, 141 

Mimusops, 208; albescens, 208; caffra, 209; 
elengi, 209, 210; hexandra, 206; soma 

210; 

Mnium hymenophyllum, 217 

MoLDENKE, H. N.: 
and range extensions, 45; Novelties in 
the Eriocaulaceae and Verbenaceae II, 
389 

Monarda, 188; fistulosa, 188 

Morphology, of mutant ‘‘corn grass’’, 274 

Morton, KENDALL and JULIA Morton: 
Fifty Tropical Fruits of Nassau (Re- 
view), 232 

Morus rubra, 373, 374 


lensis, subsericea, 208 


Interesting new records 


Mucor penicillatus, 515 

Muhlenbergia, 69, 75; brachyphylla, 64, 71; 
emersleyi, 64, 69, 71; lindheimeri, 64, 69, 
71; rigens, 69 

Myrica carolinensis, 46 


NANNFELDT, JOHN AXEL and G. Ernar Dt 
Rretz: Native plants of Scandinavia: 
sryophytes, Lichens, Fungi, Algae, (Re- 
view), 310 

Narcissus, 265 

Neillia, 409 

Nereocystis luetkeana, 309 

Nerium oleander, 373, 374 

Neurospora, metabolism of carbohydrates 
by, 103 

Neurospora, 103, 194, 107, 108; crassa, 104, 
105, 107; sitophila, 103, 104, 107 

Nicotiana, 232; affinis, 112 121, 123, 124, 
125, 126, 127, 128, 129; glauca, 112, 121, 

27, 128, 128, 130; glutinosa, 112, 121, 


, 
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127, 128, 129, 130; Langsdorffii, 112, 121, 
123, 124, 125, 128, 129; tabacum, 111, 
112, 121, 124, 126, 127, 128, 129, 130; 
tabacum var. burley, 126 

Nitella, 181, 183; acuminata, 35; mucro- 
nata, 181, 182, 183, 184, 185; mucronata 
subsp. virgata, 182, 183, 184; mucronata 
subsp. virgata var. leopyrena, 182, 183, 
185;mucronata subsp. var. fro- 
bustior, 182, 183; subsp. 
virgata var. robustior f. longifurca, 183; 
mucronata subsp. virgata var. tenuior, 
182, 183, 185; mucronata subsp. virgata 

185; 


virgata 
mucronata 


var. tenuior var. pachygyra, 183, 
mucronata Wahlbergiana, 182, 
183; mucronata var. leiopyrena, 182, 
183; mucronata var. robustior, 182, 183; 
mucronata var. tenuior, 182, 185 
Nitrate metabolism, of Streptomyces coeli- 


subsp. 


color, 10; of Streptomyces griseus, 176 
Nostoc commune, 4 
Notholaena, 329 
Nothoscordum, 6 
Nyssa, 142 


Odontoschisma denudatum, 141 

Oenothera, 147, 148; speciosa, 201 

Oikos, new periodical, 308 

Oligocladus, 134; patagonicus, 134 

Onoclea sensibilis, 47 

Onion, effect of maleic hydrazide on, 262 

Oogonial spines, of Pythiwm, 442 

Ophioglossum Engelmannii, 5, 6 

Oplismenus, 248; hirtellus, 341, 349, 350 

Opuntia Rafinesquii, 6 

Orcuttia, 67 

Orthotrichum stellatum, 172 

Oryza, 71 

Osmunda cinnamomea, 34, 47, 230; Clay- 
toniana, 29; regalis, 29, 34, 47 

Osmundites, 29; braziliensis, 30, 32, 33, 
34; Carnieri, 32, 33, 34; Dowkeri, 34; 
Dunlopi, 34; Kolbei, 34; Schemnitzensis, 
34 

Oxalis recurva, 6; recurva var. macrantha, 
6; violacea 6 


Pachydictyon, 83, 86, 92; Binghamiae, 83, 
84, 85, 88, 89, 90, 92; coriaceum, 84, 85, 
92; furcellatum, 86 

Paecilomyces, 517; varioti, 51 

Palaquium, 211 

PALMER, ERNEST J. and JULIAN A. STEYER- 


‘ 


MARK: Notes on 
Mackensie, 268 


Ge ocarpon minimum 
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Palynological 
Honeys, 495 

Panicum, 73, 247, 248; adspermum, 73; 
alopecuroides, 247; americanum, 248; 
arborescens, 248; arizonicum, 73; com- 
positus, 248; 247; dactylon, 
248; dimidiatum, 247; dissectwm, 247; 
fasciculatum, 73; filiforme, 247; glau- 
cum, 247; italicum, 247; miliaceum, 248; 
reptans, 66, 73, 74, 75; sanguinale, 247; 
scopartum, 268; texanum, 66, 73 

Pappophorum, 67, 68, 74; bicolor, 64, 68, 
71; mucronulatum, 64, 71 

Papularia, 385, 387; Arundinis, 387, 388; 
sphaerosperma, 387, 388 

Parenchyma-Vascular boundary, 340 

Paspalum, 73, 247; dilatatum, 66, 73; 
floridanum, 66, 73; plicatulum, 66, 73; 
urvillei, 66, 73 

Passiflora lutea, 6 

Payena junghuhniana, 211; suringariana, 
210 

Pelargonium, 288, 373, 374 

Pellia, 141 

Penicillium, 81, 296, 516, 517; brevicaule, 
517; chysogenum, 517; crustaceum, 517; 
crostosum, 77, 78, 81; cyaneum, 77, 78, 
81; cyclopium, 77, 78, 81; frequentans, 
516; glaucum, 516, 517; janczewskii, 80; 
javanicum, 516; lutewm, 516; notatwm, 
517; olivino-viride, 77, 78, 81; spinw- 
losum, 516; tardum, 516; vermiculatum, 
516; waksmani, 77, 78, 81; wortmanni, 
516 

Pennisetum, 73, 247, 
341, 349; ruppelii, 
341, 349 

Pentachondra, 248 

Peperomia, 373, 374 

PERLMAN, D.: The metabolism 
hydrates by Neurospora, 103 

Persona, 251, 252 

Pertusaria, 143 

Pestalotia stellata, 80 

Petalostemum foliosus, 6; Gattingeri, 4, 6 

Petunia azxillaris, ineompatibilities in, 94 

Petunia axillaris, 96, 97, 98; nyctaginiflora, 
97 

Phalaris caroliniana, 65, 71, 73 

Phaseolus vulgaris, 373, 374, 375, 376, 377 

Phialophora, 516 

Phoenix dactylifera, 373, 378 

Phosphorus 32, in normal and gall tissues, 
302 

Phragmites communis, 47 

Phyllostachys, 387 


observations, on Spanish 


crusgalli, 


378 


; 


, 


349; alopecuroides, 
341, 349; villosum, 


of carbo- 
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Physcomitrium, 341, 349 

Phytomonas tumefaciens, 130 

Phytophthora infestans, 295; stellata, 453, 
455 

Picea engelmanii, 373, 378; pungens, 378 

Pinguicula caerulea, 173; Jackii, 173; 
lutea, 173 

Pinus, 497; aristata, 410; contorta, 410; 
Jeffreyi, 378; lambertiana, 378; mono- 
phylla, 373, 378; Pinaster, 373, 378 

Piper, 253 

Piptochaetium, 69 

Plant functions, quinones in relation to, 
294 

Plantago arenaria, 46 

Platanus occidentalis, 373, 374 

Platycerium, 331 

Platyzoma, 323, 336 

Plectospira myriandra, 446, 455 

Pleuraphis, 69 

Pleurochaete squarrosa, 5 

Pleuropogon, 67 

Poa, 189; annua, 341, 349; pratensis, 188 

Podistera, 137, 138: Eastwoodiae, 137: 
Macouniti, 138; nevadensis, 137; yukon- 
ensis, 136, 137, 138 

Pogonia ophioglossoides, 46; verticillata, 
410 

Poinsettia, 248 

POLUNIN, NICHOLAS: Botany of the Can- 
adian eastern arctic, Part III, Vegeta- 
tion and ecology (Review), 53; Specific 
and trivial deeapitalization, 214 

Polycarpon, 271 

Polyporus, 296; anceps, 104 

Polustichum Braunii, 408; Lonchitis, 373, 
374 

Polytrichum, 341, 349 

Pompeianum, 21 

Populus grandidentata, 307 

Potentilla millegrana, 45; procumbens, 408 

Premna aureolepidota, 402; lepidella, 402; 
perplexans, 403 

Prionosciadium, 139; crinoideum, 138, 139; 
Sodiroanum, 139 

Proceedings of the Club, 228, 407 

Prunus, 343; Laurocerasus, 341, 343, 345, 
347; maritima, 46; Persica, 373, 374 

Psaronius, 484, 485 

Pseudolariz, 409 

Pseudotsuga, 363, 364; taxifolia, 373, 378 

Psilotum, 229 

Psoralea subacaulis, 6 

Pteris aquilina, 373, 374 

Ptychostomum pulchellum, 218 

Pulchea camphorata, 47 





Pycnophyllopsis, 270 

Pythium, 287, 289, 442, 447, 451, 453, 455: 
acanthicum, 442, 444, 455; anandrum, 
443, 453; debaryanum, 442, 455: heli- 
candrum, 444, 446, 448, 450, 452, 454 
455, 456, 458, 460; helicoides, 447: ir- 
regulare, 442, 443; mastophorum, 442, 
443; 453, 455; mamillatum, 442, 443: 
megalacanthum, 442, 453, 455; oligan- 
drum, 442, 444, 455; per plocum, 442: 
polymastum, 442, 443, 453, 455; spino- 
sum, 442; ultimum, 289, 2960, 291, 293, 
455 


QUARTERMAN, ELSIE: Ecology of cedar 
glades. I. Distribution of glade flora in 
Tennessee, | 

Quercus alba, 373, 374; hemisphaerica, 
196; hybrida, 196; lauwrifolia, 196; ob- 
tusa, 196; Phellos, 196; rhombica, 196 

Quinones, and functions of plants, 294 


Radula complanata, 141 

Ranunculus, 257; abortivus, 408; foliis 
inferioribus palmatis, summis digitatis, 
fructibus oblongis, 250; hirtipes, 257; 
hispidus, 257; hispidus var. typicus, 257 ; 
repens var. hispidus, 257 

RAPER, KENNETH B., and CHARLES THOM: 
A manual of the Penicillia, (Review), 
515 

Raphanus raphanistrum, 23; 
373 

Reboulia, 141 

Rhamnus carolinana, 5; purshiana, 410 

Rhexia interior, 269 

Rhodobryum, 141 

Rhododendron flavum, 495; indicum, 292; 


> 


sativus, 341, 


ponticum, 495 

Rhoeo discolor, 224 

Rhynchospora globularis var. recognita, 
269; glomerata var. minor, 269 

Riecardia, 142 

Ricinus communis, 373, 375 

Rickettr, H. W.: JoHN HENLEY BARNHART, 
163; and W. H. Camp: The application 
and use of botanical names, 245 

Rinodina, 143 

Rossins, WILLIAM J., ANNETTE HERVEY 
and Mary E. Sressins: Studies on 
Euglena and vitamin B,,, 423 

Roperts, L. W.: A survey of tissues that 
reduce 2,3,5-triphenyl-tetrazolium chlor- 
ide in vaseular plants, 372 

Rogers, CAMERON: Trodden glory (Re- 
view ), 308 
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Romulea uliginosa, 498 

Rosmarinus officinalis, 497 

Ross-Crale, 8.: Drawings of British 
Plants. Part III. Cruciferae (Review), 
406 

Rotboellia, 74 

Rubus, 497, 500, 501; Bushii, 269 

Rumex acetosella, 442, 459 


Sabal Deringiana, 172; Etonia, 72; 
Jamesiana, 172; Palmetto, 171; texana, 


ro 


Sabatia stellaris, 46 

Salicornias ambigua, 47; europaea, 47; 
mucronata, 47 

Saliz interior, 373, 374; longifolia, 46 

Sambucus canadensis, 373, 374 

Sanguinaria canadensis, 307, 308 

Sansevieria, 373, 374; zeylanica, 341, 347 

Saponaria, 270 

Sarracenia purpurea, 515 

Satureja glabella, 6 

Scapania nemorosa, 141 

Schedonnardus paniculatus, 65, 69, 71 

Schistostega pennata, 47 

Schizoea, 228 

Schizonotus, 168 

Schoenolirion, 6 

Sciadopitys, 409 

Scirpus, 140; atrovirens, 341, 349 

Scleranthus, 270, 271, 272 

Scleria ciliata, 269; triglomerata, 269 

Sclerolepis, 140 

Sclerotinia sclerotiorum, 287, 289, 290 

Scolecopteris, 484 

Scopella, of the Uredinales, 204 

Scopella, 204, 208, 211, 212, 213; ascotela, 
213; aulica, 205, 207, 208, 209; bauhinii 
cola, 204, 205, 211, 212; confluens, 208; 
cryptostegiae, 204, 205, 212 ,213; echi 
nulata, 205, 207, 208, 210, 211; fici, 205, 
213; gentilis, 205, 206, 208; kevorkianii, 
205, 206, 207, 208; lucumae, 205, 211, 
212; mimusops, 205, 206, 208, 209; 
palaguii, 205, 211; payenae, 205, 210; 
sapotae, 205, 206 

Scopulariopsis, 517 

Scrophularia, 252, 497 

Secale cereale, 497, 501 

Sedum pulchellum, 7 

Selaginella, 229, 363; Willdenovii, 230 

Senecio aureus, 341, 347, 350; glabellus, 
341, 347; obovatus, 341, 347, 350; vul- 
garis, 350 

Sepuoia, 363, 364; gigantea, 373, 378, 410 


Serenoa repens, 172 
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Setaria, 247; imberbis, 268; macrostachya, 
66, 73 

Sherwoodia galacifolia, 172 

Shoot apex and pith, of Gnetum Gnemon, 
354 

Silene, 270 

Sinapis alba, 24, 25; arvensis, 23 

Sitanion hystia, 64, 67, 71 

Smilax, 194, 347, 351; herbacea, 341, 347; 
hispida, 341, 347, 373, 374 

Solanum andigenum, 26, 27; tuberosum, 26, 


97 


af 

Sooty stripe disease, of Bamboo, 385 

Sophora japonica, 46 

Sorbaria, 168 

Sorghastrum Elliottii, 66, 
73 

Sorghum halepense, 276 

Spermolepis, 134; Castellanosii, 134 

Sphagnum, 53, 228; henryense, 217 

Sphenopholis intermedia, 69; obtusata, 65, 
69, 71 

Spiranthes cernua, 46; stellaris, 46 

Sporobolus, 68; asper, 64, 49, 71; eryp 
tandrus, 64, 71; neglectus, 64, 71; vir 
ginicus, 64, 71; Wrightii, 64, 71 

Sporotrichum schenckii, 77 

Stauropteris, 462 

Steere, William C.: (Review), 311; On the 
distribution of Aloina brevirostris in 
North America, 503 

Steinberg, Robert A.: The relation of cer 
tain soil bacteria to frenching symptoms 
of tobaceo, 38 

Stenotaphrum, 247; secundatum, 66, 73 

Sticherus, 323, 325, 327, 330, 333 ,338; bi- 
fidus, 324, 325, 327, 328, 329, 330, 331, 
332, 333, 334, 339; flabellatus, 324, 327, 
331,-333; laevigatus, 324, 327, 329, 333, 
338; palmatus, 324, 325, 329, 331, 332, 
333, 334, 336; vestitus, 324, 325, 327, 328 

Stipa, 69, 75 

SToKey, ALMA G.: The gametophyte of the 
Gleicheniaceae, 323 

Streptomyces coelicolor, 10, 11, 13, 15, 
16, 17, 176, 179, 180; flavus, 176; griseus, 
176, 177, 178, 179, 180 

Stromatopteris, 323 336 

Succisa pratensis, 364 

Sunflower, antibiotic and autotoxie effects 
in, 187; eulture of, 110 

Swinglea, glutinosa, 368 

Syngonanthus Alleni, 390 


‘ 


3; nutans, 66, 


Tarodium distichum, 361, 362 
Tarus baccata, 373, 378 











538 BULLETIN OF THE TORREY BOTANICAL CLUB [VoL 77 


Thamnopteris, 32 


Thelia, 141 

Thelotrema, 143 

Thirmalacher, M. J., and M. S. Pavgi: 
Sooty stripe disease of bamboo in India, 
385 

Thrinax microcarpa, 173; parviflora, 171 

Thuja occidentalis, 373, 378 


; 


O79 


Thurya, 270, 272 

Thymol ,effects of upon germination of 
fungus spores, 77 

Thymus caespiticius, 497 

Tissues, and phosphorus, 32, 382 

Tithymalopsis, 248 

Tithymalus, 248 

Tmesipteris, 229 

Tobaeco stem segments, 110 

Tofieldia racemosa, 46 

ToMPKINS, C. M. AND JOHN T. MIDDLETON: 
Control of basal rot of cuttings of Chry 
santhemum and other ornamentals, 287 

Torreya, 45, 140, 222, 306, 406, 509 

Torreya, 361; nucifera, 409; taxifolia, 409 

Tortella, 141 

Trachycarpus Fortunei, 373, 378 

Tradescantia Tharpii, 269; virginiana, 373, 
374 

Tragus, 69; berteronianus, 65, 69, 71; 
racemosus, 69 

Tree fern, fossil, 29 

Trichoderma, 517 

Tridens, 67; pilosa var. mendocina, 67 

Trifolium, 217; repens, 497, 501 

Trillium, 194; erectum, 27, 408 

Triodia, 67, 68, 74; albescens, 64, 71; buck 
leyana, 64, 71; elongata, 64, 71; flava, 
67 ;mutica, 64, 71; pilosa, 64, 71; stricta, 
64, 71; texana, 64, 67, 71; thomsonii, 67 

Triosteum perfoliatum, 373, 374 

Tripetaleia paniculata, 495 


» aro 


2, 3, 5-Triphenyl—tetrazolium chloride, 372 

Trollius, 409 

Tsao, TsunG-Hsun AND WW. GorRDON 
WHALEY: Uptake and accumulation of 
phosphorus 32 by normal and gall tissues, 
382 

Tsuga canadensis, 373, 378; Sargentii, 410 

Tunica, 270 


Ulex europaeus, 497, 501 

Ulmaria Ulmaria, 167 

Ulmus americana, 373, 374 

Umbelliferae, 133 

Uniola, 67; latifolia, 64, 71; laxa, 64, 71; 
sessilflora, 64, 71 

Uredo bauhiniicola, 211, 212; confluens, 


205, 208; cryptostegiae, 212; palaquii, 
211; sapotacearum, 208; sapotae, 204, 
205, 206 

Uromyces aulicus, 208, 210; echinulatus, 
204, 210; gentilis, 206; lucumae, 211; 
mimusope, 209, 210; payenae, 210 

Ustilago Shiraiana, 385, 387 

Utricularia, 167, 168; resupinata, 46 

Vaccinium alto-montanum, 256, 257: corym- 
bosum, 260; liparum, 256; subcordatum, 
256; tallapusae, 256 

Van Fueet, D. S.: The cell forms, and 
their common substance reactions in the 
parenchyma-vascular boundary, 340 

Vascular plants, reduction of triphenyl- 
tetrazolium chloride in, 372 

Vaseyochloa, 68; multinervosa, 64, 68, 71, 
74 

Verbenaceae, 389 

Verbena goyazensis, 404; occulta f. alba, 
405; officinalis, 45 

Vernonia missurica, 7 

Veronica, 292: scutellata, 45 

Vestal, Arthur G.: Minimum areas for dif- 
ferent vegetations, their determination 
from species-area curves (Review), 309 

Vicia sativa, 373 

Vieitez, Ernesto: Palynological observa- 
tions on some Spanish honeys, 495 

Vinea rosea, 110 

Viola cucullata, 307; incognita, 408; labra- 
dorica, 408; rafinesquii, 308; Selkirkii, 
408 

Vitamin Bio» 423 


Washingtonia filifera, 173 

Welwitschia, 362, 364 

Whaley, Gordon W. and James H. Leech: 
The developmental morphology of the 
mutant ‘‘corn grass.’’, 274 

Witkus, E. Ruth: (Review), 407; and C. A. 
Berger: Induced vascular differentiation, 
301 

Wolf, Frederick T. and Frederick A. Wolf: 
Morphological effects of thymol and re- 
lated compounds upon germination of 
fungus spores, 77 

Wood, R. D.: Braun’s ‘‘Fragments’’ and 
the nomenealture of the Characeae. 35; 
Braun’s ‘‘ Fragmente’’ and the nomen- 
clature of the Characeae. II. Nitella 
mucronata, 181. 

Woodsia ilvensis, 141 


Xanthoria, 143 
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Yucca flaccida, 6 


Zalesskya, 32 
Zamia, 363 


Zea Mays, 3 
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Zinnia, 350 

Zizania, 71, 73; texana, 65, 71, 73, 75 
Zizaniopsis miliacea, 66, 73 

Zoysia, 69 

Zygophyllidium, 196 





LUNOOETERE EDS E POSH RNS | LOREARE DLS SS 


SEREUTENTHAA LAAT TANUEERULE DR SEE TERN ATHUOTD ELANCE pee TT 


: 
: 


VERE PULL CEA EAELTCERRSEE EATS 


Ok 


SR ea 


5) 


LUA ee CO Ee EEE 1 SE GELPUTEPREREUDREDR VU EDED EGG LALEATEADRE REEPED SORT EETODTE TPERTAAD PUD CADDCUNET CEST EEEERE ELS EU EEOC EEET 


Fine Microscope Slides For Critical Botanists 
Triarch is ready to serve you with a complete stock of prepared 
microscope slides for all branches of botany. Before adding to | 
your teaching collection, consider these advantages offered by | 
Triarch exclusively : 


. Aceurate, dependable service, and one price to all | 
patrons. i 

. Most slides stained in Triarch Quadruple combination 
of safranin, crystal violet, fast green and gold orange,— 
unexcelled for comparative differentiation of all Pe E 
of plant tissues. 


Expert help in choosing the plants or plant wructanalll : 
most suitable for your teaching problem. Additional § 
information on our technics will be furnished free to 
any patron. 


. A labeled stock of more than 40,000 popular slides ready & 
for immediate shipment, and hundreds of special items EE 
ready to be made up for your advanced courses. . 


x &k * 
MORE THAN 500,000 TRIARCH SLIDES HAVE BEEN ™ 
PURCHASED SINCE AND INCLUDING 1938, AND 
THEY ARE BEING USED BY 1000 PATRONS 
IN 18 DIFFERENT COUNTRIES. 
x *&« * 


Our new 1949 Catalog, No. 8, is now being distributed. Write for 


a copy if you do not have one. Also watch for special announce- 7m 


ments in our quarterly publication, TRIARCH TOPICS. 
GEO. H. CONANT 


CIMINO 














